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IN THE BATTLE OF PRODUCTION 


THE INTERNATIONAL NICKEL COMPANY, INC. 


All over America, engineers and production 
men are converting plants to war needs. 
These men know they can...upon request... 
get helpful suggestions from us about ways to 
speed up the working of metals and alloys. 


This helpful information has been mobil- 
ized into convenient charts, pamphlets and 
other printed pieces. These tools-in-typerange 
from technical data for engineers to simpli- 
fied reports on performance of alloys contain- 
ing Nickel under specific operating conditions. 

Here, also, are correlated latest reports 


from the field about selection, fabrication and . 


uses of ferrous and non-ferrous Nickel Alloys. 


And, as further support for your battle of 
production, we offer personal assistance from 
members of our technical staff. With recent 
experience in many plants facing materials 
difficulties, these men become especially 
helpful. During wartime, Nickel... and in- 
formation about Nickel ... must go where it 
best serves the United Nations, 


» * Michel 


67 WALL STREET 
NEW YORK, N. Y. 
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Post-War Prospects ‘ 
Although it may be too early to de- Rectangular a a Deedee heen nee nee weee ws 319 
velop in detail designs for post-war MERHYLE F. Sports 
roducts, it is none too early to give ; . oad ; 
thought what the conditions will be RE OT OT TT een ee Se 322 






when the war is over. We know now 
that whole price structure of raw mate- 
rials will be radically different. We 
know now that significant strides have 
SEMI 0 pticccece new and old, Se I Ns 6 ike be G4 bee ede deke ses 0a dad Oeecun 328 
development of processes new and old, 

such as powder metallurgy, induction 
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heating, welding and metal forming. ee 331 
New design techniques are also coming D. A. DEARLE 
into use as evidenced by all-steel and 
yood-veneer airplanes. Post War Pros- I i a ak a i 334 : 
pects—this month’s lead article. L. D. Hacenspook anp J. H. Hotstein 
RE Te ee ... 337 
Gear Tooth Profiles 
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transmitting large loads at high speeds 


with quiet operation has required ex- 
tensive research, experiment and study. iis 6 Pees ys cule Wika wegen a 343 


Some of the best of this research has PEARLITIC MANGANESE STEELS..............ccccecceeece. 343 
been done in aircraft industries, and 














ling on page 328 of this issue Vananeune a et haa a a ha gl ee Ae 345 
Charles G. Pfeffer, gear engineer PWC UMUC TIG TIS 6 anc oes bs cscv nds cccesecsececs 347 | 
of Wright Aeronautical Corporation, oink 2 chads cdtsnneaenanweeuckedaked 349 

brings Propuct ENGINEERING readers | RT ES en Pe Tee ee wer. 350 

up to date. After a brief résumé of the 
eatlier forms of gear tooth systems, the a ae 365 

author describes some of the new modi- Bruno SAcHs 

fications. 
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Power Thrust Linkages 


.* © 22.6 © 4 6 8 © 6 6.8.6 © & 6.26 © 60 & 6 62.5 wo 6 6 2% 6.6.5 


Straight-line power devices are stand- 











ard units that can be applied in many Ee ee Te 
types of machines to perform numerous . 
diff ‘ tage rn hn i ee 
ierent types of moving jobs. The de- 
, sign “kink” lies in the hook-up of the Engineering in Washington............................. 
re of power unit to the machine element to be N M ‘al iP 
TO. . . ; 
m moved. Sketches on pages 326 and 327 ew aterials anc SS eee Se ee ee ee ee ee ee 
a show 21 different ways to do it, includ- : 
rials . ys » Inclu i cain cntt as 6 otha we ae Rae Gable 
sially ing toggles, pulleys, levers, cams, gears. 
d in- rr : ; _ 
re it G. F. NORDENHOLT, Editor N. O. WYNKOOP, Publisher 
Sleeve Bearings—II JOSEPH KERR, Managing Editor W. E. KENNEDY, Manager 
Continuing on page 329 of this num- Assistant Editors 


‘ i R. D. TOWNE * M.G. VAN VOORHIS ¢ N.J. VAN NESS © E. H. LEIGHTEN 
ber the discussion of the factors that 


° K. H. CONDIT, Consulting Editor PAUL WOOTON, Washington 
1] govern the design and performance of 
sleeve bearings, Part II of “Sleeve Bear- 
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ings,” begins with the reasons why the 
maintenance of bearing clearance under 
conditions that cause deflection is impor- 
tant. This is followed with an analysis 
of the effect of surface quality. The 
author also developes the subject of se- 
lection of materials for bearings. The 
article is supplemented by graphs on 
two Reference Book Sheets which indi- 
cate relation between various factors 
used in bearing design. See page 365 
for these data. Authority is of the best: 
Bruno Sachs, technical director of John- 
son Bronze Company. 


Universal Joints 


On page 334 begins an article that 
shows how bearing loads and torques 
in universal joints can be determined 
by a simple vectorial analysis—simple 
compared to the tedious method of cal- 


molding, the design engineer uses the 
answers to 11 common questions in 
making his choice. Among these ques- 
tions are: Why are tool costs less for 
injection molds? Can _ cavities be 
blocked off? Are compression and _in- 
jection molds interchangeable? Why 
are large parts cheaper when made by 
compression molding? D. A. Dearle, 
author of the book Plastics Molding, 
gives the answers to these questions, 
beginning on page 331. 


Hydraulics in Road Building 


Neatest application of hydraulics 
we've seen for a long time is a unit 
that mounts on the back of a road- 
building tractor. It pumps oil through 
hoses into jacks on equipment such as 
scrapers and earth movers towed by 
the tractor, and thus controls the road- 





culating loads at equilibrium in each 
joint and member. The vectorial 
method is the work of L. D. Hagenbook 
and J. H. Holstein, engineers with 
Goodman Manufacturing Company. 


building machines. Ever see a tractor- 
powered bulldozer rip a tree out by the 
roots? If so, you have a clear picture of 
the requirements of this hydraulic sys- 
tem. Dust. Vibration. Tough shock 
loads. The operator works fast and 
needs quick-operating controls. How 
Gar Wood Industries met these require- 
ments is described fully in “Modern 
Designs,” page 312. 


What Type of Plastics? 


When a molded plastic part can be 
made by either compression or injection 


Aireraft are Different 


The whole world is wondering how effectively the great American automobile 
industry will be able to produce military planes. Much has been written about it; 
there is much that cannot be publicized at this time. But the huge job of conver- 
sion has already gone far enough to establish as a fact that, with the guidance 
of the aircraft engineers, the automotive industry will boost U.S. airplane produc- 
tion to staggering figures. The most interesting question is “What are the most 
important fundamental differences between automobile and military aircraft pro- 
duction?” Answers will be given in the lead article in July PRopuct ENGINEERING. 


Springback in Flanging 


In the October and November 1941 numbers of Propuct ENGINEERING, R. G. 
Sturm and B. J. Fletcher of Aluminum Company of America Research Laborato- 
ries showed how to calculate springback when forming aluminum members. In 
July, F. B. Chapman, T. H. Hazlett, and Wm. Schroeder of the Research Depart- 
ment of Lockheed Aircraft Corporation will show how to compensate for spring- 
back when flanging hard aluminum sheets. 


Measuring Angles in Space 


Piping layouts as in ships, aircraft and machinery, usually involve various 
angles in different planes. Using conventional methods to determine the angles 
is a slow and laborious job with many chances of error. Next month Herbert 
Stevens, consulting engineer, will present a new graphical method. 


High-Strength Plastics 


The plastics industry is just beginning to get down to brass tacks and bring 
out the strength data needed by engineers designing structural parts. Good step 
in this direction is an article to appear in Propuct ENGINEERING for July. Pre- 
pared by H. R. Moyer of Westinghouse Electric, the article will present, by means 


of easy-to-read charts, structural and physical data covering four each of typical 
Westinghouse laminated and molded compounds. 





Electric Strain Gages 


A relatively new and simple meth, 

. . . . Of 

for indicating the strain in engineerin, 
materials under load makes it pogsgijy 


° Die 
for engineers to measure exactly Under 


almost all conceivable conditions, 4, 
loads, stresses and strains jn mechay 
isms and_ structures. 


Description j, 
given this month on page 337, Sine 
cance: data so obtained will Steins 
more rational and efficient design, x 
such knowledge will eliminate much 4 
the guesswork often involved in gre 
calculations. Author: Frank Mitte. 
berger, mechanical engineer with print. 
ing machinery makers R. Hoe { 
Company. 


Rectangular Shafts 


Merhyle F. Spotts, of Northwe 


stern 
Technological Institute, 


writes — {or 
Propuct ENGINEERING this month ay 
article showing how to determin 
stresses and deformations in rectangy. 
lar shafts subjected to twisting mo. 
ments. Spotts’ analytical procedure 


beginning on page 319, is somewhy 
different from the usual methods, After 
a brief review of the concept of mep. 
brane analogy, the author applies the 
principles set forth to an analysis of 
the conditions existing in a rectangula 
bar under torsion. 


Special Slide Rules 


Slide rules to solve frequently used 


single equations or formulas are so easy 
to make that their construction should 
be no obstacle to their use. Though 
serving the same purpose as mono 
graphs, they are more rugged and often 
are simpler to operate. On pages 34) 
to 342 Ralph S. Diserens shows how to 
make them. 


Materials Section 


Substitutes for pearlitic manganez 
steels are suggested on pages 343 ani 
344. These steels contain 0.5 to 2! 
percent manganese, and are not to be 
confused with austenitic steels contail: 
ing 10 to 16 percent manganese. 

Too-extensive substitution of vant 
dium steels for nickel steels prompted 
the Advisory Committee on Metals ant 
Minerals to ask its Metals Conservation 
and Substitution Group to report 
where vanadium must be used all 
where other metals will serve. Pages 
345 and 346. 

Hycar synthetic rubber, of the moti 
fied Buna class, has a number of good 
industrial qualities: resistance to oils 
solvents, sunlight and oxidation. Data 
on page 347. 
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GEORGE F. NORDENHOLT, Editor 


Facts Combat Prejudice 


Though often misled by prejudice and _ passion, 
he was emphatically an honest man. —Macaulay 


WE MUST NOT LOOK WITH TOO MUCH SCORN upon the 
United States senator who was quoted as saying that 
airplane manufacturers should be compelled to adopt 
modern methods such as steel dies and to discard anti- 
quated wooden, rubber and zinc die equipment. Of course, 
he showed a lack of complete knowledge but of greater 
significance is the probability that his reasoning went 
something like this: “The ancients used wooden forms on 
which to beat out copper vessels, therefore wooden die 
blocks must be out-of-date; in the mass production of 
automobiles, steel dies are used because steel is hard and 
strong while wood and zinc are comparatively weak; 
when airplanes were being made in small lots it was 
alright to use wooden dies but now that the government 
is ordering planes in large lots, the plane builders should 
be compelled to adopt the modern mass production 
methods of the automobile builders and discard the 
ancient methods.” 

The lesson to be learned from such false logic is that it 
is not confined to congressmen; it is representative of a 
line of reasoning that is only too easy to fall into. Because 
of their training, engineers and scientists are much less 
likely to make the all too common mistake of jumping to 
conclusions before all the facts have been established, but 
this does not mean that engineers are not vulnerable to 
the kind of false reasoning exhibited by the congressman. 

Particularly at a time like the present, engineers must 





guard against making snap decisions concerning the 
possible uses of the innumerable new materials, produc- 
tion processes and design techniques that are now being 
made available. Often their usefulness seems limited to 
the field for which they were specifically developed but 
final judgment should be withheld until after a close 
study has revealed all the facts. The new development 
might be the solution to a major problem with which 
the designer is concerned. 

Advances in engineering are being announced so 
rapidly that it is difficult to keep fully abreast. However, 
it is an axiom that success goes to those who constantly 
increase their fund of knowledge, who view each new 
development as a possibility for further improvement and 
who enthusiastically sweat to reach their goal. Such men 
now have a golden opportunity to prove their worth, but 
they must get their proposals accepted and here again 
prejudice plays an important role. 

In the development of a new idea, the designer arrives 
at his goal by the logical use of established information 
and the executives to whom he is presenting the new 
technique or design will be strongly influenced to arrive 
at the same conclusion if the facts are correct, are pre- 
sented clearly, and in a sound logical manner. Otherwise 
an unfavorable decision, based on prejudice rather than 
on the merits of the case, will probably result. Only 
through a clear understanding and presentation of all the 
facts involved can prejudice, both in our own minds and 
in the minds of the people with whom we are dealing be 
overcome. 








How Lockheed stamps 20,000 pieces in eight hours on a single-action 250-ton hydraulic press using the Guerin 
process. The rotary table, designed by Lockheed engineers, rotates a fraction of a revolution with each cycle 
of the press, the finished pieces being taken off at one station and new blanks being placed in position at the 
next station while blanks are being formed on the press. The Presswood die blocks cost little to make or alter 


POST-WAR PROSPECTS 
as wen te cee In the Light o 


deed to ignore the fact that war 
is the greatest accelerator of scientific 
progress. In fact, such progress in this 
present conflict is greater and more 
significant than in World War I or in 
previous wars. This is logically so be- 


cause the fund of scientific knowledge 
today is greater than ever and, secondly, 
war has become so highly mechanized 
that victory or defeat will be determined 
largely by the scientific and industrial 


output of the respective combatants. 
Every nation at war considers 00 
price too great to pay for victory and 
the cheapest cost factor is the time, 
knowledge and material expended in 
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the war effort. No nation at war hedges 
on the labor and material required to 
build ships. tanks, guns and planes in 
the fastest time possible. In such a pe- 
riod, regardless of economic considera- 
tions, existing plants and machinery are 
scrapped and replaced with new plants 
that are more suitable for faster pro- 
duction. To assure maximum output, 
new machinery and new equipment that 
is more efficient are installed. By the 
same token, more than enough men are 
often put to each task. Although this 
is wasteful of man-hours, it is warranted 
if the extra number of men on the 
job will result in greater production. 
Quantity production is useless, how- 
ever, unless the war machinery pro- 
duced is of higher military value and 
effectiveness than that of the enemy. 
Designs must be the best obtainable and 
must be improved constantly. For this 
reason, the cost of engineering design 
as expressed either in dollars or man- 
hours, is given scant consideration. The 
sole objective is armaments superior 
and more than enough of them, regard- 
less of dollar costs or wasted effort. 
The goal is all that counts! That is 
why research activities and experimen- 
tal engineering projects are limited only 
by the man-power available to put to 
the task. If a new idea that might im- 
prove fighting equipment gives only the 
barest promise of success, research sci- 
entists and design engineers are as- 
signed to the task of developing that 
idea, and they do not work to either a 
budget or a time clock. The cost is not 
a factor and if the project is successful, 
there is no hesitancy in scrapping equip- 
ment that has been obsoleted when that 
appears to be the desirable thing to do. 
We in the United States are in a very 
enviable position in that we have a 
tremendous manpower for undertaking 
industrial research and technological de- 
velopments. It is because of our great 
educational system, our colleges and 
universities and especially the great 
research laboratories built up by indus- 
try that the United States is now able 
to bring to bear on the scientific and 
technological problems, a veritable army 
of splendidly trained men with finely 
equipped research laboratories at their 
command, Other nations can’t match it. 
At a time like this it is not permis- 
sible to be specific, but here are a few 


Present Developments 


G. F. NORDENHOLT 
Editor, Product Engineering 


June, 1942 





figures that give a faint idea of the tre- 
mendous manpower that is being ex- 
pended on the development and design 
of war equipment. In his talk before a 
meeting of the American Society of 
Mechanical Engineers, J. L. Atwood, 
executive vice-president of North Amer- 
ican Aviation, Inc., speaking for his 
industry said: “Now there are actually 
more designers working on improve- 
ments (in aircraft) than were required 
to produce the original design!” He 
did not say how many more engineers 
were being employed but one can judge 
that by the fact that on an average, five 
of the leading aircraft manufacturers 
increased their engineering department 
each in the ratio of about five to one. 
One of these companies that had an 
engineering department of about 300 
men three years ago now has 1,500 men 
—exclusive of clerks, stenographers and 
secretaries—and whereas three years 
ago the engineers were working 40 to 
45 hours per week, they are now work- 
ing 60 hours per week and more. A 
small plane manufacturer who in 1939 
had an engineering department of 30 
odd men now has almost 200. One of 
the largest companies has a_ school 
where 200 engineers are being trained. 
As a highly conservative estimate, and 
it is nothing more than an intelligent 
guess, more than 12,000 engineers are 
now engaged in further improving the 
design of American military planes. 
These figures might appear strange 
in the light of the statement made 
shortly after the defense program be- 
gan in 1940, that aircraft designs would 
be “frozen.” In one sense they are fro- 
zen in that we are still building the 
same general type models as were then 
in production. But freezing the type 
models does not mean freezing the de- 
signs. When you see the symbol B-17E 
that means that it is the fifth improved 
model of the B-17 type of ship. And 
the B-17E is relatively as greatly dif- 
ferent from the B-17 as a 1941 Buick 
6-passenger sedan is from a 1938 Buick 
of the same model. Airplane engineers 
are in general agreement that any mili- 
tary plane is obsoleted in a year and a 
half. They hope to cut it down to a year. 
But there is one great difference be- 
tween the successive automobile models 
and the successive airplane models. In 
the past, the automobile companies have 





invariably shut down production for 
several months in order to tool-up for 
the new model. In the development of 
new military planes, however, the de- 
sign improvements are developed in 
such a manner that there is practically 
no stoppage of production. To accom- 
plish this apparent miracle requires 
highly ingenious engineering design and 
perhaps a great deal more of it than 
would be required if it were permissible 
to stop production. It also requires that 
the production methods used in the air- 
craft industry must be so flexible that 
design changes can be made without 
necessitating new tooling that would 
require a long time to make and the 
services of highly skilled toolmakers. 

Engineering activity in the aircraft 
industry is typical of that in all major 
plants engaged in manufacturing war 
equipment. In one of the leading auto- 
mobile plants converted to the manu- 
facture of machine guns and cannons, 
the engineering department was dou- 
bled. Another company that went into 
the manufacturing of tanks organized 
a whole new engineering department. 
It soon grew to be three times bigger 
than their before-the-war organization. 
Even relatively small companies en- 
gaged in the manufacturing of acces- 
sories have found it necessary to expand 


High-frequency induction heating de- 
veloped primarily for forging and heat- 
treating is now being used in the process- 
ing of laminated veneers to furnish the 
heat to thermo-set the bonding resins 
while the sheets are held under pressure. 
Here is a Tocco machine heating the ends 
of shell forgings for the nosing—in oper- 
ation at the S. A. Woods Machine Com- 
pany plant 




















Resin-bonded wood veneer planes have emerged frum the realms of possibilities into the fields of military use as indicated by this 
Langley all-plywood plane. The new design and production techniques which first had to be mastered will revolutionize many fields of 
design in the post-war period, ranging from furniture and architecture to airplanes and other transportation equipment 


their engineering department from a 
handful of men to several dozens. 

Unless one has studied the operation 
of an engineering department in a war 
industry, it may be hard to explain what 
all these engineers are doing. Most of 
their activities are war secrets but the 
mention of some of their accomplish- 
ments which have been released for 
publicity will give some idea of what 
is going on. 

When the M-3 tank was designed, its 
shortcomings were obvious. Even months 
before it was put into production, metal- 
lurgists and design engineers started on 
the development of a new model. First, 
it was necessary for the metallurgists to 
develop a new cast armor. This was 
done by the best metallurgists of six 
independent foundries working together. 
Then it was necessary to develop a foun- 
dry technique to cast and heat-treat the 
huge tank hull. The tank then had to 
be redesigned completely in all details. 
An idea of the magnitude of this job is 
gained from the fact that a complete 
set of blueprints and_ specifications 
weighed almost 900 pounds. But in 
addition to this, new production meth- 
ods. new plant layout, new inspection 
procedures and all the other problems 
of manufacture had to be solved by the 
engineers. 

The availability of new materials 
always holds forth great promise for 
design improvements. In the aircraft 
field. hundreds of engineers are giving 
their full time to the application of 
plastics. especially the laminated sheets 
and the resin-bonded wood veneers. At 
least three different companies have 
developed complete designs and have 
built test models of trainer planes made 
entirely of resin-bonded wood veneer. 


310 


Planes built of the same material are 
being developed for active military serv- 
ices, details of which are confidential. 
North American Aviation, Inc. has de- 
veloped a plane built with common car- 
bon steel sheets and_ resin-bonded 
veneer. In fact, developments in the 
technique of structural design indicate 
that it is possible to design a plane to 
be made entirely of carbon steel sheets 
and weighing only 3 percent more than 
an aluminum plane of comparable size. 

One of the bottlenecks in aircraft en- 
gine production is the casting of alumi- 
num cylinder heads. To produce the 
cast fins requires the cores and molds 
to be reinforced with thousands of steel 
needles, a slow and tedious hand oper- 
ation. The cylinder head is now forged 
by an entirely new process. The avail- 
ability of this process made it neces- 
sary not only to redesign the cylinder 
head but also to make numerous other 
changes in the design of the engine, 
thereby creating a new model that is 
more powerful, more efficient and much 
easier to manufacture. 

Recently, one of the oil companies 
announced a new fuel with a consider- 
ably high octane rating. This means a 
redesign of all engines to take advantage 
of this development, but the new en- 
gines will be more powerful and more 
efficient. Aircraft engines of 3,000 hp. 
and even higher are on the horizon. 

In the field of hydraulics, systems to 
operate on 2,000 lb. per sq.in. pressure 
are being tested and developed and»sys- 
tems operating on 3,000 lb. per sq.in. 
pressure are being considered. New 
designs of electric motors developed 
primarily for aircraft indicate sweeping 
changes to come in motor applications 


in all fields. 


Numerous new instruments 


for electrical communications are now 
in military use and many electronic 
devices that before the war were con. 
sidered merely toys, have been per. 
fected for uses unsuspected by laymen, 

Under the pressure of war, chemists 
are bringing forth new materials at an 
outstanding rate, especially in the field 
of plastics. New production methods 
and improvements in old ones are being 
perfected and put into use at a dizzy 
rate. The use of Presswood die blocks 
and rubber pads for forming sheets is by 
no means a crude production method. 
On the contrary, it is highly efficient, 
economical and _ satisfactory. It will 
have a far-reaching effect as it makes 
possible small and medium lot produc- 
tion of sheet metal stampings at low 
cost, the tool costs being negligible. 

For glueing wood veneers, cold set- 
ting resin glues have been developed 
and the wood veneers are being glued 
under pressure by putting them ina 
rubber bag and evacuating the rubber 
bag. If heat is required, the bag with 
the part in it is put in an autoclave 
and subjected to steam under pressure. 
Veneers are also being glued in by- 
draulic presses with heat furnished by 
a high frequency current by a method 
similar to that used in diathermy 
treatment. The same principle is being 
applied widely for heat-treating and 
forging metals. 

These are only a few of the things 
that are happening now or that have 
already happened and that will radi 
cally change the industrial picture 
from what it was in 1940. Economically. 
the changing industrial picture will 
shake the very foundations of many 


our old notions, We are already expe 


riencing significant changes in the rela: 
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tive prices of metals. With aluminum 
capacity increased from 238 million lb. 
in 1938 to more than 2 billion lb. by 
1943, and with at least three independ- 
ent companies producing aluminum, the 
rice of it will drop considerably from 
the 30 cents a pound price of 1938. 
Eyen today. the price of aluminum ingot 
has dropped to 15 cents per pound, and 
a price of 10 cents per pound after the 
war is not unreasonable to expect. . 

Magnesium production, 67% million 
Ib. in 1938, 33 million lb. in 1941, now 
at the rate of 350 million lb. per year, 
is scheduled to go to 750 million Ib. 
in 1943, a production of more than 100 
to 1 over 1938. With volume produc- 
tion, the cost of magnesium is being 
reduced continuously. 

In the field of plastics, new com- 
pounds are being developed at an as- 
tonishing rate. These include phenolic 
resin compounds of high impact 
strength, a new plastic that is extruded 
into tubes to replace brass and copper, 
and new synthetic rubber-like materials 
that give promise of being able to 
compete in price with natural rubber. 
Every few months, a new or highly im- 
proved plastic material is being an- 
nounced. 

Only a few of the relatively new 
developments in industry have been 
mentioned but another factor to be 
considered is the tremendous educa- 
tional program forced upon industry 
by the necessities of conversion, As 
Mr. Cole, vice-president in charge of 
engineering of the Studebaker Corpora- 
tion, put it, “We are learning from our 
sub-contracts for aircraft engines how 





Skilljully inserting thousands of steel nails in the molds and 


to work to tenths of thousands just as 
readily as, we’ have been working to 
thousandths. When this war is over, 
the 1942 model automobile engine will 
be so obsolete that American automo- 
bilists will be ashamed to own one. Also, 
the post-war engine will be so much 
more efficient that it will be too ex- 
pensive to run a 1942 model.” 

Furniture manufacturers are convert- 
ing to the manufacture of laminated 
veneer airplane parts. In their new 
activities, their engineers will learn 
much about precision manufacture and 
structural design as applied in aircraft. 
It is safe to prophesy that much of 
what they are now learning will be 
embodied in the furniture to be manu- 
factured in the post-war period. 

Much the same will apply to the de- 
sign of equipment for the home, indus- 
trial machinery and, in fact, the design 
of almost any product. 

Regardless of all the disadvantages 
and disruptions involved, great per- 
sonal benefits to designers are bound 
to result from the program of indus- 
trial conversion. Engineers whose hori- 
zons have been limited by specialization 
now find themselves compelled to master 
design problems in new fields and to 
learn about the peculiarities of mate- 
rials which they formerly ignored. 
Many designers are also getting a bet- 
ter appreciation of the fact that funda- 
mental design principles have universal 
application—the design of a girder is 
fundamentally the same whether it be 
for a bridge, an airplane, a railroad 
car or construction machinery. 

Undoubtedly another effect of the 


conversion program will be many 
changes in the kinds of products manu- 
factured by various companies. Some 
companies will undoubtedly remain per- 
manently in the general field to which 
they converted in the war program. 
Some of the companies that converted to 
the manufacture of aircraft accessories 
will remain in that field indefinitely. 
It is rumored that some of the automo- 
bile companies will continue the manu- 
facture of aircraft engines after the 
war is over. It is expected that because 
of the vast number of pilots being 
trained and the post-war program to 
build thousands of government owned 
landing fields for public use, the peace- 
time airplane industry will be many 
times greater than it was prior to the 
war. 

Permanent conversion will be accom- 
panied by intense competition and the 
design engineers will be the focal point 
of that competition. Business will go 
to the companies that have the best 
designed products and products which 
can be marketed at the most attractive 
prices. Designs economical to manufac- 
ture and sell, designs that take the best 
advantage of the new price structure in 
the cost of materials, designs that are 
developed to be manufactured by new 
and more economical production meth- 
ods, those will be the designs that will 
command the post war markets. The 
man who can develop them will be in 
great demand. The design engineers 
who in this emergency take advantage 
of the present favorable conditions to 
broaden their horizons will be the lead- 
ing designers of the post war period. 














cores for casting finned cylinder heads has been a “slow-point” 
in their production. New design of heads recently announced by 
Wright Aeronautical Corporation, made by a newly developed 
forging technique, will eliminate this time-consuming job and 
has paved the way for improved engine design 
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Zinc cast or Presswood die block with rubber in the upper 
platen of the hydraulic press, the Guerin process, is a highly 
efficient production method. Here is shown a stamping made in 
the Douglas plant. The two holes are punched out and flanged 
and the stamping is formed all in one operation. Die changes 
can be made quickly and at little cost 
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Tractor-Mounted Unit Controls Earth Movers 


Ideal control for raising and 
lowering scoops, bulldozer Pump valve tank Be 
blades, and other elements of Wire-wound hose | 
dirt-moving machinery would be = an 
hydraulic, reasoned Gar Wood 
Industries. Result, after several 
years of development, is this new ie 
compact unit which converts 
mechanical power from tractor | 
motor into hydraulic power 
transmitted to hoisting jacks. 
Hydraulic unit gives power both 
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rHoist cylinder 
Litt arm 


up and down, is flexible so that 
tractor and towed unit operate in- 
dependently over rough ground, 
prevents damage by overloading, 
and saves in frictional losses. 
Chief requirements were dust- 
tight, vibration-proof assembly, 
ruggedness, large hydraulic pas- blade . 
sages for speed, and simple de- GAR WOOD HYDRAULIC UNIT ON BULLDOZER 


sign to facilitate servicing. 
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Pump, valve and tank are integral, 
Valve seat, S.A.E. 4/40 Rubber bicycle gri All parts are interchz 
hardened and ground atime — f Ay - ps wo slg - - 
| Lever springs back to / of 3 standard pump sizes and 3 stand- 
Valve, SA.E.46/5 H “hold” position ~~. ___ ard valves can be made up as required 
covhurtacd i OM level gage into units to operate bulldozers, scrapers 
and ground. i nage Filler cop. Crane Salita ileal or riggers, alone or in combination. 
lead-tin \ i Air ti/ter----.Si ~ When more than one valve is required, 
ally gasket, \ | they are mounted one on top of an 
ee, Oi! tank_ Ae aS bk ai- Gasket other within the tank, with concentric 
SE a, \ t : j MI Loller — _ —— unit showa has 
! "aad bengiond only one valve. By placing valve inside 
Maljusting screw Coy tank, no seals for valve spools are re- 
; ; - quired, and pipe connections which 
Relief valve mounted in Hi icht 1 . . aa, 
Scien etite oF ennnitada Ill Ve/ve might loosen under vibration are elimi- 
| Hil assembly nated. Valve nuts are wired; other bolts 
ty, ew Hi h 
linia anita itil y al Ze vate ave lockwashers, are closely spaced 
seach yy mo Il Jockeol! Mating surfaces of pump, manifold and 
a ace vad YY Gy, with valve are machined smooth to permit 
” Ye wire use of sealing compound instead of gas 
" Valve /ever kets. Hydraulic unit proper has only 
_ — two oil seals: at control shaft and in 
pump. Control shaft seal is leather 
I BD Aocaprer ‘Zz which retains lubrication although ex- 
---Bolts screwed ; ~~ Peeks fo holst posed to weather. 

into blind Ty. cncpsncted Relief valve, an easily removable unit, 

holes in ~Pum, semb/ i i 
J "| manifold Fay . prevents overloading and is factory-set 
J 3 ~~~ Brace to relieve at 450-800 lb. per sq.in. de- 
ee inc~aeeen _- Pump pending on size of machine. Passages 
Side View are large to prevent overheating of oil. 











Valve parts are hardened and ground. 
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. >-—Magnertic pi, ini 
Reversible wear ———— sitet glial —— 
plate, 80-/0-10 bronze = _-SA.£. 46/5 gears / g i 
—S- ail ; / ¢ 
\ — r carburized and ground / ' frame 
aN Ny -Pump / 
N i 1 f YQ 
Alley cast tron \ ix j arive shatt Dogiclutch Casket ~. ees 
rear cover ~~.) N rs N ! YRotary sea/,’_ SS 
¥ N \ x / / y, / N 
~) N ©) i F / N 
i / - S . a * 
SAL. pool = el i ; 
carburize ’ . _—— |= -_— — —— J MLLLLLLLLLLL 
ground idler. 7 ! KON a \ 
shaft. — MS IN SSN + Power 
. N 7A! _-~ | take-off 
/ NAS e at shaft 
/ ——f= = ——j $a  ={_-——--—_W- ---- + Snap ring 
/ 7 ——ST- a ee = Co —— ‘i 
Puller screws = a ¥ 
facilitate : —=- __-+0// seal 
removing = —_ J ewe 
cover Y = |S —_f- ele ya Spacer 
YW SV 
/ = Bearing g q 
ey a S| ‘ 
/ i ‘ 
Gasket ' Alloy iron \ 
Magnetic plug----~~ Seal seat-2 GIS7™NG N 
g g 80-/0-/0 front cover \ 
bronze a 
Gear type pump has molybdenum To facilitate removal of cover when to a minimum in all three available 
steel gears, carburized and ground. overhauling, two pull-out screws are sizes. Pump is bolted to housing of 
Steel shaft turns in large double-row set in. Pump shaft is sealed by rotary power take-off and can be removed 
ball bearings. Pump has reversible wear mechanical seal. Magnetic plugs in in- without disturbing other parts. Princi- 
plates which can easily be turned over take ports catch all small metallic pal reason for many of these details 
when one side is worn, and which can articles in oil. Pump is designed with was to make it easy for the road con- 
be refaced when both sides are worn. more bolts and overall length is kept tractor to do his own servicing. 
100 
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Typical performance curve of standard Gar Wood 
pump shows only slight drop in delivery as pressure increases 
to 1,000 Ib. per sq. in. All oil passages in the pump are large 
to give high efficiency and minimum temperature rise in the 
oil, Oil used is S.A.E. 10 below 40 deg. F.; S.A.E. 20 between 
40 and 80 deg. F.; and S.A.E. 30 above 80 deg. F. temperature. 
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Grit and dust, always present around tractors, are kept 
out of oil system by this oil-bath air cleaner through which 
tank “breathes.” Size and speed of machine, and need for 
relatively low oil pressures require high pump delivery; on 
some machines delivery is 60 gal. per min. This makes filter- 
ing the oil impracticable. (continued on next page) 
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MODERN DESIGNS - Tractor-Mounted Unit (continued) 



















MAIN VALVE $ TI 4 --Alloy cast iron 
Spring locater. — - \| valve housing 





, A {Operating link 
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Valve spoo/~ ; % N 
Centering spring (] Ff —— —s —-Tappet spool 

Tappet spring -- . =i 2 \\ 

eo") “7 y— 
CHECK VALVE--eS358 
os Vf, Ky ppd Iw 
Tappet cage --~~~ Yllifx G7 USN Spool sleeve 
Gasket---— CMA LD N 


Spoo/s, tappet, cage,and sleeve are 
S.A. E. 46/5 steel carburized and ground 























Valve spool in Gar Wood hydraulic 
unit is so large that leakage Caused 
by any slight wear might permit the 
blade or bowl to settle. To prevent this 
an hydraulically operated check yalye 
gives positive holding seal. In early de. 
signs, distortion of valve housing at 
working pressure often caused spool to 
stick, This was corrected by increasing 
wall thickness and switching to alloy 
with high modulus of elasticity. Builtj 
positioning stops and springs assure 
correct spool position. Check valve tap- 
pet and spool are separate pieces not 
affected by misalignment. Valve ports 
exit into tank. Any leakage also goes 
directly into tank. This eliminates pe. 
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cessity for gaskets and seals. 
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Operation of valve is shown in ex- 
panded diagrams above. Tappet spool 
mates with check valve such that return 
line opens to tank before power line 





opens to cylinder, regardless of flow 
direction. Control handle spring-returns 
to “hold” position when released. Two 
other standard valves, designed for use 





























Piston rod----7 7Mckel tron 
Wrought? stee/ cylinder---> i 1 prston 
\ / ‘ 
i 7-4 steel piston 
Gland--- te ‘ / it FIngs 


Piston head-->. ~~Catt 





f sstee/ 
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grease fitting 
Bah seta 
Cast stee/--------- ae We/dled/ --- reads 
cylinder head / Bronze bushing ys = 4 
-_ of nu# 


Machine fif-!  *--/- type packing 











with other types of equipment, are prac- 
tically the same as this, but check valves 
are slightly modified. They can easily 
be converted from one type to another. 


Hoist assembly is conventional 
double-acting hydraulic cylinder of 
large diameter to give high power up or 
down at relatively low hydraulic pres 
sures. Base, cylinder and piston rod 
are rugged to withstand high shock 
loads. Four steel piston rings prevent 
leakage and consequent settling of the 
blade or scoop of earth-moving equip- 
ment. Gland can easily be tightened to 
adjust for wear in V-type leather pack- 
ing. Locknuts prevent loosening 0 
gland under vibration. Head bolts are 
closely spaced. Cylinder is of welded 
construction. These hoists are usually 
mounted in pairs; one combination of 
road-building units may contain 4 
many as six of them. 
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} Butyrate Plastic Chosen for Utility Lantern 


hydraulic Thirteen parts of the new Focal-Lite hand lantern— 
Ze caused practically the complete assembly except for reflector, 
ermit the bulbs and conductors—are molded of cellulose acetate 
event thic butyrate (Tenite Il) . This was Focal Company’s solution 
eck vale to materials selection and fabrication problems encoun- 
early de. ered after they had added design features to oat all 
ousing at needs of farmers, servicemen ag sportsmen. beige’ i, in. 
d spool ts reflector and 6-volt battery the lantern throws a 7e-mile 
increasin beam. Quick adjustment under thumb focuses the “spot 

. to allo anywhere within range or throws it out of focus for 
y. Built.in foodlighting. Lantern can be operated as code signal 
oak lamp by slight thumb pressure on switch nut when nut is 
valve tap. ¥% tum from full ‘on” position. Unique feature is a 
nieces ab drop light for reaching inaccessible places; drop light 
ilve ports is pulled back into housing by crank type reel. 

also pee Handle is designed to fit comfortably into a man’s 
inates ne. hand swinging freely at his side, and is open enough to 


carry over wrist or forearm. To change the bulb, reflector 
assembly can be removed by springing apart the plastic 
arms which lock it in place. Molded plastic guards pre- 
a vent damage to lens and drop light. Lens is now glass, 
but will be molded acrylic plastic. Battery burns 80 hr., 
giving at least 45 hr. of strong light. 

To yack Butyrate plastic was chosen for its light weight, tough- 
ness, corrosion resistance and color. Focal Company 
reports weight of plastic case is only half that of alumi- 
num case and says plastic will not dent, crack or break 
in rough service for which lantern is designed. Handle 
is assembled by screws and is mounted on battery box 
by threaded bushings and spherical nuts which seat in 
spherically recessed lugs molded on box. 




























































Lae Battery box Bottom of battery box 
| 
trom Battery 
Jack contactors 
Compartment for 
cable 

Compartment Knob twists 
— for drop light ; fo turn light on 
; caved Drop light and off slides 
= y to focus bulb 
ck valves , 
an easily Spherical nut seats #3 =) in Cable 
another. in slotted lug on battery box 

Handle Cable 
molded in Ra é A contactor 
‘ntional halves 
inder of f tre a 
ver Up oF Threaded 
lic pres: bushing 
ston rod 
rh shock Molded ——— ) 
prevent recess for a ts jaf ieee 
ig of the reflector base Di 7“ : : 
dik ve-cast sliding socket Die-cast focusing 
ig equip- Recess for Mdolelec! arm. balde tube assernbled over slide projects as 
ens drop light reflector assembly plastic sleeve on cable guard for drop light 
1€ : 
ning of 
bolts are Details of lantern are illustrated of reel through spring bronze contactor tactor. Cable sheath is insulated from 
t welded above. Thin brass strips fastened inside to sheath of flexible cable, thence socket tube by plastic sleeve. Wires of 
- usually walls of battery box carry current to through switch to insulated wire in ca- drop light cord pass through small holes 
ation of pivot bushings. Current then passes into ble, thence through bulb to die-cast in plastic reel and connect to shaft 
itain a8 short shafts in ends of plastic reel. Cir- socket tube, and finally to other end of inserts, thus completing the drop light 
cuit to focusing bulb goes from one end reel through another spring bronze con- circuit, 
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MODERN DESIGNS - No Brass in 0.C.D. Stirrup Pump 


To prepare occupants of every building 
to combat incendiary bombs, several 
million bucket stirrup pumps will even- 
tually be needed throughout the United 
States, O.C.D. estimates. Tough prob- 
lem: stirrup pumps formerly were made 
of brass—now too strategic a material 
for this use. Also, these brass pumps 
cost from $8 to $23—more than the 
average purse can afford. What was 
needed was: (1) a sturdy, clog-proof, 
rust-resistant, easily handled pump 
which produces either a fine spray or 
steady stream of water; (2) it must be 
made only of relatively nonstrategic ma- 
terials; (3) the design must be simple 
and must permit alternate fabrication 
methods; (4) price must be kept low. 
At request of O.C.D., a preliminary de- 
sign for such a pump was drawn up 
by W.P.B. and submitted to the welded 
steel tube and plastics industries for re- 
finement. Result is this just-announced 
stirrup pump made of welded steel 
tubes, simple sheet steel parts, molded 
plastics, glass marbles, and vinyl plastic 
hose. W.P.B. has established priorities 
for 2,000,000 of them. 





Channe/ section 
steel 0050"thick, 


Pressed stee/ 
packing nut 
\ 


Hose 
connection 
~ 





-Bottom check valve pai 
‘ Pump barrel, 13°0.D.,/8ga. 
/ resistance welded stee/ 


\, Plunger check 
/ tubing 


handle-™ 
Steel 
| / spacer 
= AEN” Welded or 
= = CSS ‘riveted 
hop \S 
A/S Standard 
~ pipe plug 

















Plunger § OD, /8ga. / Expanded knobs 
welded tube / serve as plunger stops 


























\ 
Knurled or serrated \ 
/"-No./0 round head wood screw’ 











Operation of pump: On upstrokes 
water is drawn through intake suction 
valve into space below plunger. Since 
pressure valve in plunger is closed, 
water above plunger is forced out into 
hose and also into accumulator cham- 
ber in plunger tube. On downstroke 
lower suction valve closes; water in bar- 
rel below piston passes through pres- 
sure valve into plunger tube and space 
above piston. Air pressure in accumu- 
lator and displacement of plunger tube 
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walls at same time force water out into 
hose, maintaining steady flow. Pump 
barrel is 11% in. dia., 18-ga. welded steel 
tubing; internal weld fin is smoothed 
off. Plunger is 34 in. dia., 18-ga. welded 
tube, is much stiffer than rod used on 
average stirrup pump. All machining 
operations on these tubes are simple, 
can be done several ways. For instance, 
necked-down groove near top of barrel 
can be formed either in beading ma- 
chine or by simple lathe roll attachment. 


Packing nut is stamped from S.AE 
1020 steel. Stirrup can either be formed 
from 1% in. dia., 16-ga. welded steel tube 
or from 14 ga. strip steel. Tubular stir 
rup is more rigid, requires only 60 per 
cent of the steel that is required by steel 
stamping. Stamped alternate is offered 
to relieve welded steel tube industry. 
All steel parts are finished with rust 
resistant chemical black finishes excep! 
for barrel and plunger which are coated 
with rust-resistant baked enamel. 
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Valve seats and cage are molded 
cellulose acetate butyrate plastic. Valve 

pets are ordinary ¥-in. dia. glass 
marbles. Bottom check valve cage, con- 
sisting of two molded butyrate parts 
which together form a unit with tapered 
outside diameter, fits into flared bottom 
end of barrel and is held in place by 
folding in two ears stamped in the tube 
walls. Holes cut out by these lugs also 
serve as intake ports when pump barrel 
rests on pail bottom. Plunger check 
yalve is another ¥-in. dia. glass ball 
which seats on a follower screwed into 
the bottom of the plunger tube. Fol- 
lower is a molded plastic part screwed 
into plunger. Clearance between fol- 
lower and smooth bore of barrel is small 
so no cup packing is necessary. Two 
jugs cut out of plunger and folded in 
above marble prevent it from rising 
more than *%-in. in plunger. Holes 
stamped out for these lugs also serve as 
outlets for water passing from plunger 
to upper portion of barrel. 


Plastic nozzle consists of two molded 
cellulose acetate butyrate parts with 
simple stamped valve part assembled 
between them. Plastic parts are ce- 
mented with acetone. Valve piece slides 
between plastic pieces, and has two 
closely-spaced holes which in normal 
position lie half-way across the nozzle 
hole so as to split the stream of water. 
Water then rebounds from walls of care- 
fully designed nozzle to form a spray. 
When steady stream is desired, thumb 
pressure on the valve pushes it in so that 
one of the holes aligns with the nozzle 
hole. When thumb pressure is released, 
valve spring returns to spray position, 
reducing the danger of accidentally di- 
recting a heavy stream of water on the 
incendiary bomb. Openings in the valve 
piece are large enough to prevent clog- 
ging by any dirt particles which can 
pass through strainer in foot of pump 
barrel. To simplify molding, grooves in 
hose connection can be machined. 


Hese connection is turned from a 
short piece of 1% in. dia., 16-ga. welded 
tube. This part can be attached to 
barrel by (1) brazing; (2) welding; 
(3) silver soldering; (4) flattening the 
barrel wall at joint and heading over 
the connection tube inside. Stirrup 
clamp for stamped steel stirrup is 
stamped from 14-ga. sheet steel. Clamp 
for pumps having tubular stirrup (not 
illustrated) is formed in one press 
operation from a short length of 2 in. 
dia, 16-ga. welded tube. Strainer can 

made from sheet steel or from sheet 
Plastics. Stamped stirrups are designed 
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MODERN DESIGNS - Diesels Mounted on Plastic Block, 


To reduce noise and vibration 
from diesel engines in tugboats, Ira S. 
Bushey and Sons, builders of the 120- 
ft., 450-ton diesel tug D. T. Sheridan 
tried mounting the 60-ton, 1,000-hp. 
diesel engine on 40 resilient blocks of 
laminated plastic. So successful was the 
mounting in preventing noises from be- 
ing transmitted throughout the vessel 
that the same design will be applied to 
10 more tugs now building. Resilient 
plastic blocks are 8x6x234 in. in dimen- 
sions, and are made of Micarta lami- 
nated phenolic resin. Bolts are insulated 
by resilient laminated phenolic tubes 
and laminated washers under bolt heads 
and nuts. Nuts are assembled with lock- 
washers or locknuts. Two of the 40 
mountings are illustrated at far right. 


Cast Iron and Plastics Instead of Brass 
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Valve Plate Assembly 
( Cast Iron Plate ) 





Stuffing Box 





Piston Leather 
Spacer 





Ceramic Replaces Abrasion-Resistant Metals 











Valve plate assembly of Daytn 
Pump and Manufacturing Company for. 
merly was an integral brass stamping 
with valve seats embossed thereon. Pres. 
ent valve plate, as shown, is cast iron 
with molded phenolic resin valve seats, 
Cast iron valve plates are just as satis 
factory as the original sheet brass valve 
plates from service standpoint, but cost 
is somewhat higher because more ma. 
terial and machining is required. Plastic 
valve seats were found superior to ex 
perimental cast brass seats although 
assembly and _ replacement required 
more care because of their brittleness, 
Other pump parts changed to molded 
phenolic resin were stuffing box ani 
nut, and piston leather spacer. Shapes 
of these parts were not changed. 
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abrasion- 
resistant ceramic material is replacing 
tungsten carbide in inserts for Ameri- 
can-Heanium sand blast nozzles. The 
ceramic is derived from alumina by a 
new process, and is vitreous throughout. 


Its properties are: good mechanical 
strength, high resistance to heat and 
impact, inertness to most chemical 
reagents, no water absorption after 96 
hr. immersion, abrasion resistance supe- 
rior to most metals commonly used, and 






it can be made to close manufacturing 
tolerances. Hardness is 9, Moh’s sede 
(diamond is 10). Other applications u 
der investigation include: thread guides, 
jewel bearings, spark plug insulators 
phonograph needles, insulators. 
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RECTANGULAR SHAFTS 


Torsional Stresses and Angular Deformations 


OR BARS of other than circular 

cross-section the theory of torsion 

is complicated. For many prob- 
lems solutions do not exist. While for 
others, for example, problems which 
deal with bars of rectangular cross- 
section. the solution for the stresses and 
angular deformation is obtained in the 
form of a convergent series. 

During recent years a concept of tor- 
sion. the so-called membrane analogy, 
has come to the fore and has proved 
useful to engineers. This is an experi- 
mental method and utilizes a thin homo- 
geneous membrane such as a soap film 
stretched over a hole in a plate which 
forms the cover of an air-tight box. The 
hole is made geometrically similar to 
the cross-section of the shaft being 
studied. the film across the hole is 
slightly bowed by air pressure and the 
shape of the resulting surface noted. 

By mathematical analysis it can be 
shown that: 

]. Resultant shearing stress in the bar 
has the same direction as the contour 
line of the inflated film at that point. 

2. Shearing stress is proportional to 
the slope of the membrane at right 
angles to the direction of the stress at 
that point. 

3. Torque carried by the bar is pro- 
portional to the double volume inclosed 
by the membrane. 

Thus it is possible to solve compli- 
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cated torque problems experimentally. 
Laboratory equipment, however, is nec- 
essary which as a rule is not available 
to the designer. The membrane analogy 
is useful, nevertheless, as it gives a men- 
tal picture of the state of stress. The 
engineer can imagine a film stretched 
across a hole in a plate similar to the 
shaft and can consider the places on 
the inflated film which would have the 
steepest slope, hence the greatest stress. 
Often improvements in design can thus 
be effected even though quantitative re- 
sults are not available. 


Stress at Corners 


For example, at the bottom of a key- 
way like that shown in Fig. 1(a) there 
is a high stress. In fact if it were pos- 
sible to make the bottom corner per- 
fectly sharp, the tangent to the mem- 
brane would be vertical, hence infinite 
stress. The membrane analogy helps 
one to see how such a high concentra- 
tion of stress can be reduced by round- 
ing off the bottom corners. In the rec- 
tangular shaft shown in Fig. 1(6) there 
is zero shearing stress at the corners. 
In the inflated film, two sides of the 
element of the film in a corner remain 
horizontal, the tangents have zero slope, 
and hence there is no stress. For a round 
hollow shaft it can be proved that an 


additional plate representing the hole 


is required. This must be elevated a 
predetermined amount as shown in Fig. 
l(c). It is well known that a consider- 
able portion of the interior material 
may be removed from such shafts with- 
out producing much effect on _ the 
strength. This is indicated by the figure 
which shows that the loss of volume be- 
cause of the presence of the hole is not 
great. 

When a rectangular bar is twisted the 
assumptions which are applied to the 
case of a round bar are no longer valid. 
Cross-sections perpendicular to the axis 
of the bar are no longer plane after 
twisting, but are warped as shown in 
Fig. 2(a) and the mathematical deter- 
mination of the state of stress is more 
complicated. For a rectangular bar in 
which the length of cross-section is 
great as compared to the width, the 
stress situation is much simplified. The 
membrane has contour lines as shown in 
Fig. 2(6) for such a bar. 

These lines are practically parallel to 
each other and to the sides of the rec- 
tangle over almost all the surface. 
Hence, except for small regions near 
the ends, the shearing stress is directed 
parallel to the y-axis, and components 
of stress in the other directions are lack- 
ing. Also, if the volume under the film 
be computed by taking the cross-sec- 
tional area at the center and multiply- 
ing by the length 6 the result will be 




















(a) Circular Shaft 
with Keyway 














(b) Rectangular Shaft 
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Fig. 1—Various cross-sections for shafts subjected to torsional loads 
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only slightly different from the actual. 
Based on the foregoing, an approximate 
solution for this problem will now be 
given. 


Thin Bar Under Torsion 


In Fig. 3(a) let the rectangular bar 
be twisted by couples M, applied at the 
ends. It should be remembered that dis- 
tance 6 is assumed much larger than c, 
and also that the length in the Z-direc- 
tion is proportionally greater than 
shown by the figure. It is assumed that 
the material in the bar is homogeneous, 
isotropic and follows Hooke’s law. 
Let 6, be the relative rotation between 
any two cross-sections a unit distance 
apart. Consider an element located at 
A with sides dx, dy, and dz the coordi- 
nates of which are x, y and z. Let the 
respective displacements of the element 
in the directions of the axes be u, v, and 


w. That is, after twisting the element 
has moved from point A to B having the 
new coordinates x+u, y+v, and z+w 
respectively. 

In the Figs. 3(6), (c) and (d) are 
shown three orthographic projections of 
Fig. 3(a), which show the displacements 
u, v and w of the element in moving 
from A to B. The element is shown 
oriented in its final position at B, to- 
gether with the shearing stress s,, 
which, for the problem in hand, is the 
only stress acting. Note that v and w 
are positive quantities for the element at 
A, but that uw is negative. The cross- 
section in the xy-plane is assumed as 
being fixed against rotation. 

By similar triangles in Fig. 3(6): 

See oy ee — A, yz (1) 


ré \z r 
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(a) Rectangular Bar in 
Torsion 














(b) in zx- Plane 
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Fig. 2—Thin rectangular shaft under torsion and contour lines in membrane 


320 


It is considered that the displacements 
u, v and w are changed by increments 
du, dv and dw in passing from one edge 
of the element to the other. For small 
deformations the sine may be used for 
the angle of shearing deformation. The 
total angle of shear from Fig. 3(c) then 
is dw/dy plus dv/dz. By Hooke’s law 
for shear the stress becomes 

Ow 0 v) 
settee, Ee et, (3) 
where G is the modulus of elasticity jn 
shear. 

Differentiating Equation (2) partially 
with respect to z and substituting in 
Equation (3) gives 


(4) 

In Fig. 3(d) the element has no distor. 

tion in the zx-plane, and the shearing 
deformations add to zero. 
foe Ow 

Sz G > s +33) = Q (5) 

Differentiating Equation (1) partially 

with respect to z and substituting in 

Equation (5) gives 


Ow 
—Aay+5—=0 (6) 


Now differentiate Equation (4) par. 
tially with respect to x and Equation 
(6) with respect to y and substitute 

(7) 

Since s,. does not vary in either the 

y or z directions, Equation (7) may be 
written as the complete differential. 

Stn 

dz 

Integration gives 

82:=2GAazr+C (9) 

Stress s,. is equal to zero when x equals 

zero, therefore constant C also has zero 


value. The final value of the shearing 
stress is 


= 2G (8) 


Sy = 2G A2 (10) 
The stress thus varies directly with the 
coordinate x of the point considered as 
shown in Fig. 3(e). The maximum value 
occurs on the outer edge where x equals 
c/2 giving 
(Sys) maze = G Ac (11) 
From Equation (10) and the mem- 
brane analogy it is seen that the slope 
of the film also varies directly with * 
and ordinates of the film thus vary as 
the second power of x. Since the ten- 
sion in the film is the same in all diree- 
tions the shape of the cross section, a 
shown in Fig. 2(c), is a second degree 
parabola. Values of z are given by the 
equation 


2-n(43-1) (1) 


Differentiation gives the slope 
dz Sh 
aes em sees (13) 
dz e (2) 
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Table I—Constants for Torsion of Rectangular Shaft 
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Fig. 3—Views showing the displacement and stresses of an element in a rectangular shaft under a torsional moment 
(9) 
a big If{k is factor of proportionality, Equa- — 3M, (18) long and short sides, as well as the unit 
“i pte tions (10) and (13) can be equated as ‘ Gbe angular deformation for rectangular 
s g 4 Sh Substituting from Equation (11) cross sections starting from a square, 
(10) initia Ge yields the value of the shearing stress b/c equal to 1, to b/c equal to infinity. 
oe Whence 3M The maximum shearing stress occurs at 
ly with the Cae Te — (19) the middle of the long side, using a. 
nsidered * k= —— (15) . However, in cases where there are also 
mum value Ps 4 When the width of the cross-section is bending stresses present it is possible, 
re x equals Since the area under the film in the relatively large as compared to its because of combined effects, that the 
cxplane is 2/3 ch, the volume inclosed length, the foregoing derivation cannot maximum resultant stresses would occur 
(11) by the film becomes be used. For the bar of Fig. 1(b) the at A., hence the values of a. given in 
the men- 2bch general equations for stresses and de- Table I are needed. 
t the slope = (16) formations may be written The foregoing derivation is valid only 
stly with 2 By membrane analo ; M for cross-sections not close to the ends 
) the torque is pro- a t : ; eee’ 
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ond degree M, = 4kbch (17) 0, = oittin (22) cross-section in the manner implied by 
ven by the 1 3 BG bet stress Equations (20) and (21), or 
The factor k in Equation (17) has the Values of the constants a, a, and B Equation (22) for the deformation. 
j — value as in Equation (14) since in have been computed by more advanced By the principle of St. Venant one 
(12) € parabola of Equation (12) the slope methods and are listed in Table I for knows that such disturbances in the 


(13) 
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and area are directly proportional. 


Substituting for k, and solving for 9, 
gives the equation 
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the ratios-of b/c most used in practice. 
The table permits the finding of the 
shear stress at the mid-point of both the 


stress distribution are of a local nature, 
and that at some distance away the 
equations again give valid results. 
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SLEEVE BEARINGS - Il 


Factors That Govern Their Design and Performance 


OME of the factors and considera- 
tions involved in the design of 
bearings that were discussed in 

Part I of this article, see May Propuct 
ENGINEERING, included heat equilibrium 
and bearing temperature, friction states. 
co-efficient of friction and types of lubri- 
cation. oil film thickness, oil viscosity 
and bearing clearance. Suvplementing 
the data included in Part I. two addi- 
tional charts are presented as Reference 
Book sheets, p. 365-366 in this issue. 
One chart shows relation between clear- 
ance, film thickness, coefficient of fric- 
tion and other factors for bearings hav- 
ing a length diameter ratio eaual to 
1.5, the other chart shows this data for 
bearings having a length diameter ratio 
equal to 2. This second installment of 
the article begins with a discussion on 
the importance of maintaining clearance 
under deflection. 

Under load the journal and shaft de- 
form elastically. When in their de- 
formed position the clearance should 
be sufficient so that the ends of the 
journal do not rub against the bearing 
surface. In this position some space 
should be present at the edges as indi- 
cated by K in Fig. 8. Since the actual 
clearance between the journal and 
bearing when aligned axially will lie 
between a minimum and maximum 
value as determined by the tolerances 
given for machining the shaft and bear- 
ing, these tolerances should be deter- 
mined so that the end space K in the 
deformed position is zero when the per- 
missible clearance is a minimum. End 
space K will then be provided by the 
tolerances existing in the shaft and 
bearing. 

Under this condition with 


D = shaft dia., in. 

d = journal dia , in. 
L = distance between bearings, in. 

l = length of bearing, in. 

a = distance of load from bearing in. 
gy modulus of elasticity of shaft ma- 
» 


terial, lb. per sq. in. 
The minimum clearance for a load and 
bearing arrangement as shown in Fig. 9 is 


-256(3) (4) 
Cute 2.55 ( E q l 


+ 34( or) (2L — a) a (9) 


The first member in Equation (9) 
represents the deflection of the journal. 
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the second member the shaft deflection. 
For a load arrangement as shown in 
Fig. 10 the minimum clearance is 
For bearing No. 1 


ss a 
Cini = 2.55 (=) (=) l; 


+34 ( ey (10) 


For bearing No. 2 


van = 255( (+) R 
Co min 2.55 ( E db ly 


P2 dy 1? L? b ) 
+ 6.8 “Ep: ) L+b 
(11) 


When a bearing is self-adjusting, only 
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Fig. 8—Bearings should have enough 
clearance so that journal ends in de- 
flected positions do not rub against the 
bearing surface 


the first member in Equations (9). 
(10) and (11) -has to be considered, 
For applications where the shaft 
deflection cannot be calculated with 
simple statical methods, a thumb rule 
value for the clearance is 0.001 in. per 
in. of shaft dia. (c/d equals 0.001). 
This value can be decreased ranging 
down to 50 percent for babbitts and has 
to be increased ranging up to 50 percent 
for bronzes. Generally speaking, bronzes 
require a larger clearance than babbitts 
because of the deviations from ideal 
conditions which always do exist. Ip. 
cidental metal-to-metal contacts are a 
consequence of these deviations and 
bronzes have a greater tendency towards 
scoring and seizing of the shaft. 

The instruments now available for 
measuring surface roughness give an 
average value in root-mean-square 
micro-inches. The actual maximum 
heights of the peaks are 3 to 5 times 
greater, that means a surface with a 
reading of 10 root mean square micro- 
inches might have irregularities up to 
50 micro-inches. 

In order to have the peaks of the shaft 
and bearing surface irregularities sepa- 
rated with a film of at least the same 
thickness as the sum of the maximum 
peak heights, the total oil film thick- 
ness must be 2 times 5 times 2 or 20 











Bearing 
No.1 








FIG. 10 


Bearing 
No.2 


————— 





Fig. 9—Shaft with concentrated load at any point along its length, supported by a bear 
ing at each end. Fig. 10—Shaft supported by two bearings with one overhanging ! 
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times thicker than the root mean square 
yalue of the surface roughness. 

The significance of the surface finish 
jies in the fact that it determines the 
requirements for the oil film thickness; 
the rougher the surface, the thicker 
must be the film. This not only in- 
yolves a higher coefficient of friction but 
it decreases the safety factor with which 
the bearing will run in the desired and 
calculated friction state. An example 
will help to understand this. Assume 
a journal having a diameter and length 
both equal to 1 in., with a clearance of 
0.001 to 0.0015 in. and a film thickness 
of 240 micro-inches, then from Fig. 7 
(May P.E.) the coefficient of friction f 
will be 0.0031 to 0.0039. The safety 
factor for a surface roughness of 12 is 
the total film thickness divided by the 
sum of maximum height of surface ir- 
regularities, or 


240 
2X 5X 12 
With a surface roughness of 3 and the 
same oil film thickness, the coefficient 
of friction will be the same as before 
but the safety factor will be eight. 

If film thickness is reduced to 120 
micro-inches, the coefficient of friction 
f will be reduced to 0.0024 to 0.0031, 
and the safety factor for a surface 
roughness of 3 will be four. 

All of which shows that by improv- 
ing the surface quality, not only the 
coeficient of friction can be decreased, 
but the bearing becomes less sensitive 
against being thrown out of the fluid 
friction state by incidental decreases of 
the oil film thickness caused by changes 


of VZn/p or by outside disturbances 
such as vibration or shaft deflection. 

Furthermore, the rate of wear will 
become less, because the chances for 
incidental metal-to-metal contact are 
decreased; also, because during the 
starting and stopping periods the shaft 
and bearing surfaces are in direct con- 
tact for shorter periods of time. 

The requirement for ,low surface 
roughness becomes more ‘important as 
the bearing diameter becomes smaller, 
because it can be seen from Equations 
(7) and (7a) that the oil film thickness 
h is proportional to the diameter. This 
consideration refers to fluid as well as 
to semi-fluid friction. 

In addition to the “regular” surface 
irregularities, which are detected and 
measured by the Profilometer, ma- 
chined surfaces show also waviness or 
deviations from a true geometrical sur- 
face, which is defined as those surface 
irregularities having an axial peak-to- 
peak distance greater than zz in. Typ- 
ical waviness may have widths of 2 to 
l in. and heights of 10 to 200 micro- 
inches. Because of the comparatively 
large width of the wave, it does not 
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Fig. 11—Straight-line chart showing approximate change in viscosity with change in 
temperature for typical S.A.E. number oils 


respond to the measuring principle 
of the Profilometer, consequently it is 
not included in the surface-roughness- 
reading. 

Records of waviness profiles can be 
obtained only with specialized equip- 
ment. Profile studies of surfaces have 
shown that with Superfinishing methods, 
not only the highest degree of surface 


0.001 in. This minimum clearance can 
be secured by a shaft dia. of 1.000 in. 
max. and bearing dia. of 1.001 in. min. 
Manufacturing tolerances of 0.0005 in. 
for shaft and bearing will result in a 
maximum clearance of 0.002 inch. 

From Fig. 7 (May P.E.) it will be 
found that with 


. c c 
smoothness is obtained, but also the a 0.001 to 0.602 
smallest amount of waviness. - a 
: z f = 0.005 
Bearing surfaces obtained by good h h 
standard manufacturing methods might a = 370 to 280 
have waves ranging up to 100 micro- ae 
. 5 h = 370 to 280 micro-inches 
inches high and from 1 to ¥% in. long. — . 
These deviations from the true geo- Zn — 1110 11.7 
metrical surface together with load de- P 


flections and vibrations make a cer- 
tain amount ee mecessary the oil at 140 deg. F. then is 
even in present-day machines. e “run- 

aN sa . 11.12 x 200, 11.7? x 200 
ning-in” operation consists of a com- Z= L100 t 1.100 
bination of abrasive-cutting by lapping oe 29 4 + 24.9 tis ; 
and a plastical or burnishing action. 2 en eee 

To sum up and to illustrate the appli- 
cation of the foregoing principles of 


The required absolute viscosity Z of 





Assuming that the specific gravity of 
the oil is 0.85, the kinematic viscosity is 


bearing design, the requirements for a Z 224 24.9 
bearing like that shown in Fig. 9 will be 0.85 ~ 0.85 °° 0.85 


analyzed. Assume that bearing is to be 


= 26.3 to 29.2 centistokes 
medium ventilated and that 


The chart in Fig. 11 shows the ap- 


d = Lin. ' 1 = lin. proximate range of viscosity change 
p= ee ee 1: with temperature of commercial oils 
n = 1,100 r.p.m., = li in., : 5 

a = 6in. = 12in., corresponding to S.A.E. numbers 10 to 
Bearing temperature = 140 deg. F. 70, however, the variations of different 
Outside temperature = 60 deg. F. oils of the same S.A.E. number at tem- 


From Fig. 2 (May P.E.) the maxi- 
mum permissible coefficient of friction 
f is seen to be 0.005. The minimum 
clearance c,,;,. from Equation (9) is 


peratures other than the “definition 
temperatures” might be wider. From 
Fig. 11 it is seen that a kinematic vis- 
cosity of 26.3 to 29.2 centistokes at 
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140 deg. F. corresponds to S.A.E. oil 
No. 20 in the upper range. 

With a “safety factor” against touch- 
ing of the surface peaks of at least 2, 
the necessary surface roughness of shaft 
and bearing results in 
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Resuming with the results of our 
example, the following conditions are 
necessary for the correct functioning 
of the bearing: 

A circulating lubrication system, 

A shaft diameter 1.0000 in. max. to 
0.9995 in. min., 

A bearing diameter 1.0015 in. max. 
to 1.0010 in. min., 

Surface roughness of shaft and bear. 
ing of 14 root-mean-square micro- 
inches, 

Oil S.A.E.—20 upper range. 

Now the same example will be con- 
sidered with drop-feed lubrication, 
which results in a state of semi-fluid 
friction. 

In order to obtain a stationary tem- 
perature of 140 deg. F. even with a 
well ventilated design, the coefficient of 
friction according to Fig. 2 (May P.E.) 
should not exceed 0.007. Such a low 
value cannot be obtained with boundary 
lubrication. The lowest values of f 
which can be secured with a slight de- 
gree of safety are 0.015 to 0.020. There- 
fore, the first conclusion to be made is 
that this bearing arrangement is not 
expedient and, if at all possible, should 
be changed, for instance, by increasing 
the journal length. 

For the sake of the example no 
change will be made, however, a bear- 
ing temperature of 200 deg. F. will be 
permitted, that is, a temperature differ- 
ential A T of 140 deg. F. (assuming 60 
deg. F. room temperature), which would 
require a coefficient of friction of not 
over 0.017 (see Equation (2b) and Fig. 
1, or Fig. 3, May P.E.). Calculations 
will be based on f equal to 0.02 and 
any excessive heat over 200 deg. F. will 
be dissipated by applying a stream of 
water on the outside of the housing. 

An equation that evaluates the coeffi- 
cient of semi-fluid friction is 


f. = 0.14 — C; (=) (12) 


where C; is a constant depending on 
operating and design conditions. 

If the bearing specified in the ex- 
ample would be provided with sufficient 
quantities of oil, it would operate in a 
state of fluid friction down to a value 
of \/Zn/p equal to 7 with a value of f 
equal to 0.003, at which point the peaks 
of the surface irregularities begin to 
touch. These values are obtained from 


Fig. 7 for c/d equal to 0.0015 for the 
mean clearance. 


= 14 micro-inches 
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This value of Zn/p equal to 49 is 
transposed in the diagram Fig. 12 (in 
which the abscissa is Zn/p and the ordi- 
nates are coefficients of semi-fluid fric- 
tion) with the corresponding limit fluid- 
friction value of 0.003; the point ob- 
tained jis connected with the point 
whose coordinates are Zn/p equals 0 
and fs equals 0.14. The connecting 
straight line represents Equation (12). 
The tangent of the angle 8 is C;. It can 
be seen that the desired coefficient of 
friction of 0.02 is obtained with a Zn/p 
value of 43, or with a kinematic oil 
viscosity of 9.4 centistokes at 200 deg. F. 

The question of the interrelation of 
properties of materials and their suita- 
bility for bearing purposes is quite 
complex. For the practical purpose of 
selecting a bearing metal among the 
existing groups of bearing metals, how- 
ever, the problem can be simplified by 
taking into consideration these factors: 
Ability to run-in, to conform to “dis- 
turbances,” and to prevent seizure; 
wear; loadability and bearing tempera- 
ture, and corrosion. 

The properties involved in the ability 
to run-in, to conform to “disturbances” 
and to prevent seizure are of a plastical, 
elastical and thermal nature. Even if a 
bearing was properly designed and 
manufactured, minute deviations from 
the calculated conditions as a result of 
mechanical imperfections and _vibra- 
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Fig. 12—Relation between “Zn/p” and 
coefficients of semi-fluid friction for bear- 
ings with a length diameter ratio of one 





tions will occur. Such conditions are 
pronounced when the machine is ney. 
and also during starting and stopping 
periods. 

Another source of deviations from the 
calculated condition are the minute 
zones of metal to metal contact in bear. 
ings with dynamic loads. 

Seizing is caused by some welding 
action between the shaft and bearing 
material. One of the necessary condi. 
tions for welding of two metals is 
clean oxide-free surface for each meta] 
in order to enable the metal atoms to 
come into mutual action. This surface 
condition might be obtained in a bear. 
ing by the scrubbing and rubbing action 
of the two running surfaces. 

If one of the two components is pres. 
ent in the molten state, diffusion and 
welding take place quickly; if both 
metals are solid, a combination of ele. 
vated temperature and pressure js 
necessary to bring about the welding 
action; the lower the temperature below 
the melting point the higher must be 
the pressure to bring about the welding 
action in a finite amount of time. 

It can be shown that high local 
three axial pressure states can occur in 
bearings, excessively higher than the 
linear yield compression strength of the 
bearing material; the magnitude of 
these pressures depends on the outside 
disturbances and on mechanical and 
physical constants of the material. 

A measure for the ability of a metal 
to deal with all these deviations and 
disturbances is, as far as the plastical 
requirements are concerned, the hard- 
ness of the material at 150 deg. F. The 
lower the hardness figure, the more 
suitable is the material from the point 
of view of the properties considered 
here. Hardness figures at room tem- 
perature and at 150 deg. F. are given 
in Table II for various bearing alloys. 

As to the elastical and thermal prop- 
erties, it can be shown that the local 
pressures, created by local increases of 
temperatures (as a consequence of sup- 
pressed thermal expansion) caused by 
disturbances, are smaller for lower 
values of the expression: 


E 6. 
a Bl |u/(3-4)|a- ») (3) 


wherein: 


linear coefficient of thermal expansion 
modulus of elasticity in compression 
modulus of elasticity in shear 
specific gravity 

specific heat 

linear heat conductivity 


> Ra QBa 
uuu ue 


Numerical values of this expression 
are shown in Table II for different 
alloys. Both the plastical and elastical 
values are of the same dimensions 
(kg./mm.") and their product is a rela 
tive measure of the ability of the mate 
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Ay Running-in, Conform- at ; 
Alloy No. Average Analysis Ban — — Anti-dis- Permissible Static Pressure 
‘ : turbance Properties 
Hard- Rela- 
— ness tive |Plastical | Elastical 
at Wear | Brinell and a = o F 
JB S.A.E. | Cu Sn Pb Zn Sb Room Hardness] Thermal | Total id. par og, im. at dog. F. 
- Temp. at 150 | *Equa- 
deg. F. |tion (13) 70 200 300 100 
—_—X—K—_ 
a 110 | 3.5] 88.5 0.3 7.5 24.5 | 4-6 16 26 4.2] 4,500] 2,000} 1,500 
Babb. max. 
a 6 87 7 25 4-6 17 26 1.41 4,500] 2,000} 1,500 
Babb. 
= 2 | 89 9 22 | 4-6 16 26 4.2| 4,500] 2,000] 1,500 
Babb. 
iy 13 | 0.25] 5 84.75 10 21.5 | 7-11 13 27 3.5} 3,500] 1,500} 800 
Babb. 
es 14 | 0.25] 10 74.35] 0.4] 15 24 7-11 14.5 27 3.91 3,500] 1,500] 300 
Babb. As 
%5 A481 | 67 3.75] 29 40 0.4-1 39 29 11 5,000 3,000 
BL 
BA 481 | 7 4 26 42 04-1 41 30 12 5,500 3,200 
Led- 84 10 5 % 38 0.4-1 38 40 15 6,000 5,000 
aloylf Graph. 
99 67 | 78 7 15 52 0 4-1 51 7 18 7,500 5,000 
B10 7 10 20 58 0.4-1 57 35 20 7,500 5,000 
66 66 | 85 5 9 1 50 0.4-1 49 46 23 7,800 5,500 
7 64 | 80 10 10 61 0.4-1 60 40 24 9,700 7,000 
12 660 | 83 7 3 55 |0.41] 54 55 30 | 8,600 6,000 
1 40 | 85 5 2 50 0.4-1 49 70 34 8,200 5,500 
63 63 | 88 10 66 0.4-1 64 85 54 | 12,000 9,000 
65 65 | 89 ll 7 0.4-1 68 85 57 | 13,000 9,300 
51 87 10 1 2 67 0.4-1 65 88 57 | 12,500 9,300 
53 62 | 88 10 2 68 0.4-1 66 88 59 | 13,000 9,300 
55 86 12 2 74 0.4-1 72 88 63 | 13,600 9,300 
Mt 88 4 4 4 110 0.4-1] 108 102 110 | 20,000 14,000 
40t 89 0.5 9.5 110 0.4-1] 108 110 118 | 20,000 14,000 
= on E \) 100 
*eE | 1/{ 3 —-— )i—< (1 — W) + Bronze powder sintered t Sheet metal 
L GJigS 





tial to run-in, to conform to disturb- 
ances, and to resist against seizing. This 
total value divided by 100 is also shown 
in Table II for the different alloys. 

When considering these properties in 
conjunction with the selection of a 
bearing material, it is imperative to 
have in mind the safety factor of the 
oil film, the surface roughness, and the 
possible amount of disturbances. If, for 
instance, the manufacturing and design 
possibilities can not secure a certain low 


surface roughness and a closely con-° 


trolled clearance and deflection, then 
babbitts are to be preferred on account 
of superior running-in, conformability 
and anti-disturbance properties. 

On the other hand, for vital bearing 
applications the selection of a bronze 
alloy should be made in conjunction 
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with strict requirements as to surface 
quality and oil film safety factor; clos- 
est assembly tolerances of the whole 
aggregate must be observed. 

Wear is usually defined as continu- 
ous removal of material from the con- 
tacting surfaces of bodies, moving rela- 
tively to each other, as a result of abra- 
sion and corrosion. Wear is not a phys- 
ical property depending only upon the 
material or materials involved, but the 
result of co-acting of many additional 
factors such as whether lubricated or 
not, kind of lubricant, atmosphere, sur- 
face condition, load and how applied. 

Wear tests which imitate working 
conditions of bearings are of practical 
value and from these it has been 
observed that the relative wear of the 
three groups of bearing materials 


ranges from 0.4 to 1 for bronzes, 4 to 6 
for tin base babbitts, and 7 to 11 for 
lead base babbitts. 

It is generally desirable to get the 
unavoidable wear in the bearing and as 
little as possible in the journal. This is 
obtained automatically with unhard- 
ened journals running in babbitts. With 
bronze bearings, the shaft wear will in- 
crease as the anti-disturbance value of 
the bronze increases. The advisability 
or even the necessity to harden the 
journal surface will depend on the indi- 
vidual application. Only the general 
statement can be made that the fre- 
quency and intensity of disturbances, 
the safety factor of the oil film, and the 
surface roughness have to be balanced 
with the anti-disturbance properties of 
the bearing alloy. 
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POWER THRUST LINKAGES 


POWERED STRAIGHT LINE MOTION over 
short distances is applicable to many 
types of machines or devices for per- 
forming specialized services. These mo- 
tions can be produced by a steam, pneu- 
matic or hydraulic cylinder, or by a 
self-contained electric powered unit 
such as the General Electric Thrustors 
shown herewith. These Thrustors may 
be actuated manually by pushbuttons, 
or automatically by mechanical devices 
or the photo-electric relay as with a 
door opener. These illustrations will 
suggest many other arrangements. 


Fig. 1—Transfer motion to distant point. 
Fig. 2—Double throw by momentary 
applications. 

Fig. 3—Trammel plate divides effort 
and changes directions of motion. 


Fig. 4—Constant thrust toggle. Pres- 
sure is same at all points of throw. 
Fig. 5—Multiplying motion, 6 to 1, 
might be used for screen shift. 

Fig. 6—Bell crank and toggle may be 
applied in embossing press, extruder 
or die-caster. 

Fig. 7—Horizontal pull used for clay 
pigeon traps, hopper trips, and sliding 
elements with spring or counterweighted 
return, 

Fig. 8—Shipper rod for multiple and 
distant operation as series of valves. 
Fig. 9—Door opener. Upthrust of heli- 
cal racks rotates gear and arm. 

Fig. 10—Accelerated motion by shape 
of cam such as on a forging hammer. 
Fig. 11—Intermittent lift as applied to 
lifting pipe from well. 

Fig. 12—Straight-line motion 
plied by pinion and racks. 


multi- 









Fig. 13—Rotary motion with cylip. 
drical cam. Operates gate on conveyo; 
belt. ‘ 
Fig. 14—Thrust motions and “dwells” 
regulated by cam. 





Fig. 15—Four positive positions with 
two Thrustors. 

Fig. 16—Toggle increasing thrust a 
right angle. 

Fig. 17—Horizontal straight-line mp. 
tion as applied to a door opener, 
Fig. 18—Thrusts in three direction; 
with two Thrustors. 
Fig. 19—Fast rotary 
step screw and nut. 
Fig. 20—Intermittent rotary motion, 
Operated by successive pushing of op. 
erating button, either manually or auto. 
matically. 


motion using 





Fig. 21—Powerful rotary motion with 
worm driven by rack and pinion, 

















oe 
° 
WRG QQATRS 








F1G.1 


MOMMsssss 





SIRS] 





















OSPF AFLEOAEEAEM 





WUddddddddddddda 
FIG.5 





SVSVV SS SS Sesssssse 




















June 


Propuct ENGINEERING 


Cs 


tions 
ising 


)tion, 
f op- 












[AND THEIR APPLICATIONS 


























y, 


























Usddddddde 

































































. _— 
NS Ng 


Uliédiddddddddddddddé 


FIG.15 





June, 1942 























Wid 
F1G. 21 








327 














GEAR TOOTH PROFILES 


Factors in the Design of Gear Teeth 


Gear Engineer, Wright Aeronautical Corporation 


EMAND for quality gears in re- 
D cent years has resulted in trends 
and developments in gear tooth 

design and manufacturing methods 
which have naturally changed the 
former conception of gear applica- 
tions. To produce gears which run at 
higher speeds, greater loads and quiet- 
ness of operation has required extensive 
research, experimenting and study to 
meet these requirements. The result 
has been a fuller and more thorough 
understanding of the properties of the 
involute curve and the flexibility of its 
application, Therefore, values, existing 
but not used previously, are now 
brought to the designer’s attention and 
full use of the advantages possible are 
now incorporated to produce efficient 
gears to the exacting specifications 
necessary for modern gear operation. 

A brief résumé of these trends may 
help to clarify the progress as it de- 
veloped. Thus the order is as follows: 

141% deg. Standard tooth 

20 deg. Stub tooth form 

20 = deg. Full depth form 

20 deg. Long and short addendum 

First the 1444 deg. standard tooth 
was mainly governed by the manufac- 
turing methods available. Therefore, 
design was principally controlled by 
what pitch and tooth ratios would suit 
the given center distances and such 
possibilities as modification of tooth 
form as applied today were not even 
considered, perhaps rightly so, as gears 
were slow moving and made with ample 
strength. That gears were used and 
made that way was a direct result of 
the use of this tooth, as any gear with 
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less than 31 teeth would be badly under- 
cut, requiring larger pinions and a high 
factor of safety. 

The stub tooth system was developed 
to give a stronger tooth and make possi- 
ble gears of smaller tooth numbers to 
reduce space. With this system the gen- 
erating method of producing gear teeth 
was perfected. The 20 deg. stub sys- 
tem does produce a strong tooth and is 
a useful method for gears which do not 
require smooth action. But for critical 
gear design it sacrifices many of the 
more important elements such as carry- 
over or over-lap, contact area and load 
distribution, properties of equal or 
greater importance than the element of 
strength alone. 

The current practice is to use full 
depth gear teeth. This form has many 
advantages. It uses a_ considerable 
length of involute curve. It can produce 
a suitable over-lap or tooth contact to 
satisfy most conditions and when modifi- 
cation is necessary the line of action is 
of sufficient length to allow it. Its beam 
strength is slightly less than the stub 
tooth but the even distribution of load 
makes it possible to use finer pitches. 
The present tendency is to use more 
teeth and finer pitches since finer 
pitches do not tend to break so easily 
as the bending moment is also reduced. 

A further development of the full 
depth tooth is the long and short ad- 
dendum. This is useful where small pin- 
ions are necessary and where ability to 
carry load evenly is required. 

Many factors are involved which re- 
late to the successfully running gears 
which are in operation today. Loads up 


to 2,000 1b. per tooth are being carrie 
on some gears 1 in. wide. A hard aj 
fast rule as to which form of too 
should be used for a given conditin 
is practically impossible. Method ¢ 
mounting gears, shape of gear blank 
necessary loads, speeds and accuraey oj 
gear teeth all have a direct bearing » 
efficient operation. The greatest dif. 
culty with teeth is surface failure. Ther 
are a number of important elemen; 
with which the designer should 
familiar. 

1, Avoid short tooth contact. To py 
duce smooth action with gears runniy 
at greater than normal speed it is neces. 
sary to have as long a tooth contact x 
possible. For ordinary conditions 4 
50 percent is sufficient, but for hig) 
speed gears 70 percent or more overlay 
should be aimed at. 

2. Avoid contact near the base diam 
eter. The involute curve has its greates 
errors near the base diameter as th 
generating arc becomes exceedingh 
short at that point. Therefore, tip inte: 
ference may result. 

3. Equalize strength. Driving pinion 
usually have the smaller number ¢ 
teeth and therefore they take the heav: 
est loads and are most likely to break 
To eliminate this danger as much « 
possible, the tooth thickness should k 
increased until the beam strength facto 
is as large as can be permitted by mam. 
facturing methods. 

4. Approach and recess angle. The 
recess angle should be at least equal 
and preferably greater than the 
proach angle, This is to avoid excessitt 
contact at or near the base diameter 0! 





Blend modification 
to this dimension 


\,_ 0.0015" =| 



































FIG.1 Spur Tooth 














FIG.2 





‘Original 
FIG.3 


ee 





Fig. 1—In the crown form of modification the tooth center is thicker than the two ends. Fig. 2—This type of modification changes th 
true involute curve on one side only. Fig. 3—Barrel form tooth modification builds out working surfaces on both sides of t 
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FIG. 5 profile 


FIG. 6 














Fig. 4—Fracture of this gear tooth began at a sharp junction of filletand tooth. Fig. 5—The radius type of root fillet is shown here. Note 
the oversize teeth used on pinions which are too small to roll properly otherwise. See Figs. 10 and 11 also. Fig. 6—No tooth fracture 
occurred when this fillet radius was used. Compare with Fig. 4 which is identical except for fillet 
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the pinion and to place the tooth action 

nearer the pitch circle and on the 

gle. The addendum rather than the dedendum. 

+ equal t 5. Modification. Various types of 
the ap Modification are used. Some are an ad- 


excess: Vantage and are mainly necessary to 
ameter 0! [ °OMpensate for tooth deflection. Modifi- 
cation must be used with care and study 
as excessive modification can readily de- 
eT ES 


stroy correct tooth action and contact. 
Deflection is present in most gear teeth 
and creates a certain amount of knead- 
ing and flow of surface metal. This 
ified action becomes more apparent as the 

teeth mesh nearer the extremities and 

produces undesirable bearing markings. 
—— Thus, modification at tip or flank should 
: reduce the load pressure rather than de- 
stroy contact and should eliminate tip 
interference which may result from 
tooth deflection. 


An ideal and often used form of modi- 


ranges i fication is shown in Fig. 1. This is 
5 of too @ 'ermed crown form of modification 
een § June, 1942 





where the tooth thickness is increased 
slightly at the center section. Its main 
purpose is to prevent end bearing caused 
by misalignment. Obviously, the curva- 
ture must be slight as the length of 
tooth bearing would otherwise be re- 
duced and localized at the center, a 
condition which would be objectionable 
under heavy loads. Another disadvan- 
tage of this type modification is that the 
pitch, form and pressure angle at the 
ends will change from the true and cor- 
rect form. Where tip modification is de- 
sired it is usually introduced as shown 
in Fig. 2. The change here from the 
true involute can again be only a small 
amount. The third type is the barrel 
form shown in Fig. 3. This is a gener- 
ally useful and often employed form of 
modification as it is ideally suited to a 
number of possible conditions and con- 
stitutes a desired form of tooth profile. 

6. Sharp corners weaken gear teeth. 
As shown in Fig. 4 they are a cause of 





Figs. 7 and 8—These two photographs show the progressive surface failure of a tooth once the surface case is fractured 


tooth fracture. Here a fatigue failure 
resulted from the sharp corner left in 
the root fillet. Fig. 5 illustrates the de- 
sired form fillet which is as near a full 
fillet radius as possible, blending prop- 
erly with the involute form. It is not a 
true radius but is epicycloidal in form 
because it is generated by two diameters 
rolling together. It is a close approxi- 
mation, however. An undercut fillet as 
shown at A would be more desirable 
than the extreme sharp corners. Fig. 6 
shows the correction made in the gear 
which replaced the one that failed. The 
new gear has been giving satisfactory 
performance. 

Pitting or surface failure is also a 
common result of motion and localized 
pressure. Usually a pitted tooth does 
not bear evenly across the face of the 
tooth. It is necessary to get good align- 
ment first and then relieve the pitted 
surfaces if further adjustment is re- 
quired. Figs. 7 and 8 show how the 
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Fig. 9—This gear also was badly pitted because of improper tooth action 


failure progresses once the case is frac- 
tured. Fig. 9 shows another gear badly 
pitted because of improper tooth action. 
This incorrect action may. have various 
origins, resulting in a sliding or skid- 
ding of the surfaces which finally disin- 
tegrate and cause tooth failure. 

Strut action shown in Fig. 10 is also 
a common cause of gear failures and 
noises. When the tooth is in a central 
position the load is carried by the tips 
of the two adjacent mating teeth. Fur- 
ther motion results in contact only at the 
tip and dedendum of the mating pinion, 
a condition obviously not conducive to 
efficient gearing and high load carrying 
ability. Fig. 11 shows the correction, the 
remedy being merely to increase the 
tooth thickness a sufficient amount to 
have continued contact along the line 
of action. This condition occurs only 
where small pinions are involved and is 
the result of high tooth ratios in which 
the pinion is too small on pitch diame- 
ter to roll properly. In Figs. 10 and 11 
no change has been made other than 
that just mentioned. 

A well designed and proportioned 
gear tooth can fail because of incorrect 
manufacturing procedure. For a critical 
and highly loaded gear, accuracy of 
profile, concentricity and normal pitch 
are just as important as good design. 
This is especially true when high over- 
lap or tooth contact is present as it fol- 
lows that the greater the number of 
teeth in contact at one time, the closer 
both gears must be held in correctness 
to each other. Thus the gear engineer 
is confronted with the problem of con- 
sidering, not only the type of tooth to be 
used, but also the possibility of pro- 
ducing it economically and to the stand- 
ard of quality necessary. 

7. Strength of gear teeth. It is a well 
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known fact that the Lewis formula is 
entirely inadequate for present-day gear 
design. This formula was developed 
for gears used many years ago which 
research and modern requirements 
have discarded and caused to become 
obsolete. 

Steels of higher stress carrying abil- 
ity are now available and gear manu- 
facturing methods have changed consid- 
erably since the Lewis formula was first 





conceived. Many attempts have bee, 
made to establish new and more usefy] 
gear stress formulas but to date they 
various projects have still to be op. 
ordinated from the available data and 
completed. 

The new A.G.M.A. series is a step in 
this direction. Among the studies which 
have been published are those jy 
Propuct ENGINEERING by A. C, Rag. 
mussen, Feb. 1939 and W. Larsen, July 
1939, which investigate wear calcula. 
tions as well as loading. Timoshenko’; 
“Strength of Materials” also deals 
briefly with the possibility of strength. 
ening gear teeth by the use of a {ulj 
rounded root fillet. Application of this 
fillet has definitely shown it to be valp. 
able and, as previously described, of 
great importance in eliminating one 
point of stress concentration. In the 
aircraft engine industry this form of 
fillet has been practically adopted as 
standard design and the probability js 
that eventually it will become univer. 
sally applied to all types of gear design, 

The foregoing is based on spur gear 
practice and no attempt has been made 
to show its application to helical gears, 
As the basic principle of the involute 
curve remains the same whether applied 
to spur or helical gears, the difference 
being that one is straight and the other 
is twisted around the axis to the helix 
angle, it is possible to apply the same 
procedure to either type. 
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FIG. 10 
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Fig. 10—Strut action exists when a small pinion rolls improperly so that, eet 
center, only the tip and opposing dedendum touch. Fig. 11—Strut action is corrected ? 
making the pinion teeth oversize so that contact continues along the line of action 
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WHAT TYPE OF PLASTICS? 


Compression vs. Injection Molding 


ALEIDOSCOPIC progress of 
the plastics industry and the 
development of new molding 

materials during the past few years 
apparently has created confusion in the 
minds of many product engineers as to 
the relative advantages of thermosetting 
and thermoplastic molding compounds. 
Plastics molders continually are bom- 
barded with questions asked by engi- 
neers who are acquainted only with 
fundamentals of materials and molding 
technique. Some of these questions 
which appear time and time again are 
collected and answered in this article. 


Question 1: Much is heard about 
thermoplastic and thermosetting mate- 
rials. Just what is the difference be- 
tween the two compounds? 


Ever since the introduction of the in- 
jection process of molding, the thermo- 
plastic materials have gained more 
prominence. These plastics are known 
as Lumarith, Plastacele, Tenite, Crys- 
talite, Plexiglas and other trade names, 
and include cellulose acetate, polysty- 
rene, methyl methacrylate among the 
most widely used compounds. Articles 
molded from these raw materials can 
be made in an unlimited number of 
pastel shades as well as transparent 
colors and water clear. In molding, 
thermoplastic materials are heated to a 
plastic state and then forced under high 
pressures through a constricted nozzle 
into a relatively cold mold where solidi- 
fication into the desired shape takes 
place. The materials undergo only a 
physical change during the process. 

Thermosetting compounds are molded 
quite differently. The powder is usually 
loaded manually into a heated die; this 
mold is subsequently closed and high 
pressure is applied by means of a com- 
Pression press. With the combined 
application of heat and pressure the 
material is then cured for the required 
length of time and finally ejected by 
either mechanical means or compressed 
ar. The fundamental difference be- 
tween thermosetting compounds and the 
thermoplastic group lies in the fact that 
the former undergo a definite chemical 
change in the process of molding. 

€rmosetting materials are usually 
Phenol-formaldehydes or urea-formalde- 
ydes and are known by many trade 
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names some of which are Resinox, Bake- 
lite, Plaskon, Beetle and Durez. Articles 
made from these materials withstand 
greater heat, are usually more brittle, 
cost less per pound, but take longer to 
cure. They are not available in water- 
clear colors, although the so-called cast 
phenolics may be obtained to a limited 
extent in amber or some other dark 
transparent color. 


Question 2: Why are tool costs so 
much less for injection molds than dies 
made for compression molding? 

On a per cavity basis, tool costs are 
not less for injection molds. It is only 
because of the rapidity with which injec- 
tion molding can be conducted that this 
erroneous impression has been created. 
In other words, by use of an injection 
mold the rate of production can often 
be increased three or four fold, and 
consequently the number of die cavities 
for a given production rate can be re- 
duced proportionately. Savings are 
often realized in the original mold in- 
vestment when fewer die cavities can be 
utilized. That is the reason for the 
belief that injection molds cost less 
than compression dies. Actually the 
same type of steel goes into an injec- 
tion die as that used for compression 
molds, and the workmanship in either 
type is of the same quality. As a matter 
of fact, the knockout mechanism in 
many injection molds is far more com- 
plicated than the ordinary means of 
ejection found on compression dies. As 
a general rule tool costs are no less for 
injection molds on the basis of price 
per cavity. 


Question 3. In compression mold- 
ing, certain designated cavities can be 
blocked off by the simple method of not 
loading them with powder. Is it possi- 
ble to accomplish this in injection 
molding? 

If it is desired to block off one or 
more cavities on an injection mold it 
can be done—perhaps not quite as sim- 
ply as in conventional molding. 

In compression molding the control 
of powder supply is entirely in the 
hands of the operator and he can do 
whatever he pleases with regard to the 
amount of compound which is placed in 
each cavity, because the material is 


added first and the mold subsequently 
closed. Injection molding operations, 
however, are just the reverse; in these 
the die closes and then the material 
is forced into the cavities. 

Injection dies of the direct runner 
type are all constructed with channels 
through which the liquid material has 
to flow before reaching the cavity. This 
flow emanates from the heating cylin- 
der, passes through the sprue hole 
whence it goes into the runners, then 
through the gates into the piece. In- 
asmuch as the individual cavities are 
made with a leader which is lined up 
to meet the main runners, the flow of 
material can be stopped by merely plug- 
ging this or that particular leader. The 
same result can be accomplished by 
turning or reversing a round cavity so 
that the leader does not coincide with 
the main channeling. Such a change, 
of course, involves removal of the mold 
from the press, a procedure unneces- 
sary in blocking off cavities in compres- 
sion molding. 


Question 4: Is it possible to obtain 
parts of different design from the same 
die in injection molding? 

There are innumerable instances 
where a product requires more than one 
plastic molded part to make a complete 
unit. This condition may be found in 
the form of a right and left half, or per- 
haps a top and bottom. In order to econ- 
omize in tool costs, a combination mold 
becomes advisable. Injection molds 
can be designed with one or more parts 
in the same die, but it is preferable to 
balance the volume of flow as much as 
possible so as to distribute the material 
uniformly. The gating of the die must 
be proportionate to the size of the piece 
in each instance. Excellent examples 
of multiple designs in the same mold 
are to be found in the manufacture of 
plastic novelty parts, hacksaw handles, 
toy whistles and ether products. 


Question 5: Assuming that an article 
is found to be practical from a mold de- 
sign standpoint, can this item be made 
in any color such as black for one run, 
then transparent for another? 


If the die for producing the parts is 
made for injection molding, the color 
possibilities are unlimited. Changing 
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from one color to another involves the 
loss of a certain amount of material, 
but any shade can be made from the 
water clear to the jet black. The prod- 
uct, of course, has to be made from one 
or another of the thermoplastics. 

Color possibilities in compression 
molded parts are restricted somewhat 
by the materials available. A full range 
of pastel shades can be obtained, but 
the water clear or transparents can not 
be made under normal circumstances. 


Question 6: If the owner of a com- 
pression mold wishes to have his prod- 
uct made by the injection method. can 
the die be used in either type of press? 


Compression and injection molds are 
not interchangeable from one type of 
machine to the other, and therefore it 
can not be assumed that such dies can 
alternate. In many instances a com- 
pression mold can be converted into 
the injection type by utilizing the 
numerous cavities and setting them 
into a new frame. The amount of 
work and cost involved depends on the 
number of cavities, their design, the 
knockout mechanism and other factors. 
When such a change is contemplated it 
is always worthwhile to investigate the 
cost compared with the price of an en- 
tirely new mold. 


QuEsTION 7: Why are large parts made 
of thermoplastic materials so much 
more expensive that the same ones 
made from thermosetting compounds: 


All costs, whether in the plastics or 
any other industry, are based on three 
main factors: material, labor, and over- 
head. Thermoplastic raw materials are 
almost four times more expensive than 
the cheapest thermosetting powders. 
This fact in itself is the chief reason 
for the size limitations of the acetates. 
polystyrenes, and acrylates. Until a re- 
duction in the price of thermoplastic 
raw materials become effective the large 
parts will continue to cost considerably 
more than the same items in phenolic. 

While the thermoplastic material 
price is much higher, the cost of the 
injection molding operation is lower 
because of the greater speed of the 
press cycle. Compression molding cy- 
cles are seldom less than one minute 
and usually average two or three min- 
utes to the heat. With injection mold- 
ing the cycle may be as low as three 
shots to the minute and seldom exceeds 
one minute. To offset this advantage, 
however, the molder usually operates 
fewer cavities in order to economize on 
mold expenditures. Hence, the saving 
in labor fails to absorb the exorbitant 
excess of raw material cost. 


Question 8: In the event that it is de- 
sired to increase production on either 
an injection or compression mold, can 
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this be accomplished by merely adding 
extra cavities, or must another die be 
constructed ? 


The size and design of the injection 
mold determines to a large extent the 
possibility of adding more cavities. If 
the die is fairly small and permits the 
extension of the main runner, then it is 
reasonable to assume that the capacity 
can be increased. It should be kept in 
mind that a new frame has to be con- 
structed and that the old cavities have 
to be utilized along with the new ones 
in the formation of a larger die. The 
limits of this expansion are governed 
by the size of the injection machine 
platen. If it were found desirable to in- 
crease the production capacity by the 
addition of a few more cavities it would 
undoubtedly prove more economical to 
make an entirely new mold and salvage 
the cavities from the old frame. Where 
hobs were used, these hobs could form 
the additional cavities. 

On a compression mold it is feasible 
to add more cavities to a die, but the 
construction of a new frame usually 
becomes necessary. In increasing either 
type of mold, additional knockout bars 
and pins have to be made to take care 
of the ejection of the additional parts. 
Assuming that the cavities are in good 
shape and the press has sufficient ca- 
pacity to adequately supply the re- 
quired pressure, there should be no 
need for building a new mold to in- 
crease production. 


QueEsTIon 9: There are many instances 
where plastics could be used advan- 
tageously except for the fact that the 
parts would not have sufficient me- 
chanical strength to withstand various 
physical tests. Can this deficiency be 
overcome by reinforcing plastics with 
metal in either the injection or com- 
pression method of molding? 


Again, the specific design of the item 
has to be taken into consideration. 
There are innumerable instances where 
plastic parts have been strengthened by 
the use of metal inserts, but on the 
other hand, the shape of a piece often 
precludes any possibility of reinforce- 
ment by the use of metal. Take for 
example an ordinary injection molded 
button. If it were desired to strengthen 
such a part by the use of a metal disk, 
this could only be accomplished if the 
center of the button were permitted to 
show the metal. With such a design 
the metal insert could be mounted on 
a center stud and the material forced 
around it after the dies were closed. 
To completely conceal the metal would 
be impossible inasmuch as it would 
necessitate a process of “floating” the 
insert. 

Where a certain portion of the metal 
can extend beyond the limits of the 





mold cavity itself, an anchorage is made 
possible and reinforcement can he gyg, 
cessfully accomplished. Plastics hay 
been molded over metal parts such a 
handles on the shanks of knives, insula, 
tion on_ switch toggles, coverings 
around threaded inserts and othe 
parts, but the complete coverage of q 
piece of metal is highly impractical 
This, of course, does not refer to the 
spraying of metal parts which js q 
different process altogether. 

The same principles hold true with 
compression molding except perhaps 
that it becomes more difficult to hold 
metal inserts in accurate positions when 
utilizing the thermosetting materials 
This is because the flow of material 
commences prior to the complete clo. 
sure of the die. 


Question 10: Which type of molding 
affords the greater opportunity for pro. 
ducing parts that have side holes, exte. 
rior undercuts or diagonal holes? 

In general, it is easier to mold parts 
with side holes and irregular contours 
by injection molding, because generally 
there are fewer cavities in an injection 
mold with only two rows of impressions, 
With this type of frame construction it 
becomes possible to apply mechanical 
means on either side of the die for 
the removal of side hole mold pins and 
die parts for forming exterior under. 
cuts. This means that a product can 
be designed to include certain forms of 
undercut and the mold can be so con- 
structed as to automatically relieve the 
part while the machine is in operation. 

The average compression mold has 
more cavities in order to achieve high 
production at much slower cycle time. 
Hence the use of automatic side hole 
relief for each cavity is usually too 
expensive. 


QueEsTION 11: Often it is desired to 
cement two plastic molded pieces to- 
gether. Are both the thermosetting and 
thermoplastic products tractable to this 
process? 

Thermosetting plastics are not a 
fected by organic solvents and hence 
have to be cemented by means of com 
mercial adhesives such as glue. This 
type of joint, while generally satisfac 
tory, is not of a permanent nature and 
can not be relied upon to last 
definitely. 

Thermoplastic materials, on the othe! 
hand, are soluble in ketones and ace 
tones. Hence a strong and permanetl 
bond can be obtained by the use af 
their respective solvents, As a result af 
this bonding property of acetates and 
other thermoplastics it becomes possible 
to design many injection molded patt 
in two halves, often gaining the benefit 
of reduced weight. 
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Causes and Cures 


Yagnetic are blowout on a small 
relay began to burn off one corner of 
the permanent magnet around the con- 
cts. Investigation disclosed that the 
spark, instead of blowing straight out, 
yas blowing out at a tangent. Cause: 
connector wire from the upper contact 
to the terminal was so close to contacts 
that magnetic field set up by current in 
yire also acted upon spark. Vector sum 
of two magnetic fields, with high cur- 
rent flowing, blew spark out across the 
comer of the magnet. Cure was to 
change position of the connector wire 
so that it led back over the hinge. De- 
signs of all electrical equipment should 
he checked to eliminate undesirable 
magnetic effects of current-carrying 
wires and other stray magnetic fields. 
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7%" grooves machined 
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Blowholes in semi-steel east hub 
for 24-in. dia. grinding wheel caused 
ttouble in the grooves for V-belt pulley. 
Blowholes always turned up when ma- 
chining the grooves, and their sharp 
tdges shortened the life of the belt. 
Cure was to make the hub in two pieces, 
% shown in the lower half of the draw- 
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ing. Pulley rim is now torch-cut from 
24% in. steel plate, machined on inside 
diameter to 6.250/6.251 in. and as- 
sembled to semi-steel cast hub by shrink 
fitt Hub is machined to diameter of 
6.257/6.256 in. Pulley grooves cut in 
the steel rim are smooth and prolong 


belt life. 
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Light desired here only 











Shadows east by dial light and 
tube filaments on inside of translucent 
urea-formaldehyde plastic radio case 
showed through, creating unattractive 
light and dark patches on the light- 
colored case. Urea-formaldehyde had 
been chosen for its attractive depth of 
color. This problem of shadows has 
arisen in many electrical appliances and 
accessories where lights are mounted 
inside plastic housings. Appearance of 
the radio case was greatly improved by 
spraying the inside of the housing with 
an opaque paint in places where un- 
desirable light showed through. An- 
other effective cure is to place a small 
metal shield around each bulb to con- 
fine the light to areas where it is desired. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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UNIVERSAL JOINTS 


How to Determine Loads by Vectorial Analysis 


RANSMISSION of power 

through the Hooke’s universal 

coupling produces a number of 
important secondary effects which can- 
not be neglected if a successful design 
is to be made. Calculation of torques 
and bearing loads for any universal 
joint application must consider that 
the angles between the shafts and the 
cross-arm member continually change, 
hence the loads vary from minimum to 





‘Driven yoke 






Driver: 
shaft 


FIG.1 











Fig. 1—Simplified sketch of Hooke’s uni- 
versal joint for coupling shafts whose 
axes are not aligned 
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maximum values as the shafts rotate. 
Also, the varying speed of the driven 
shaft creates important inertia effects 
that should be considered. 

This article presents results of a 
study made to obtain design data, and 
shows how to use the mathematical 
shortcuts of vectorial analysis in solving 
universal joints. Advantage of torque 
vector analysis is that it circumvents 
the laborious summation of moments 
and forces otherwise necessary to ob- 
tain equilibrium at every point. Loads 
on any one bearing can be solved inde- 
pendently of any other bearing, elimi- 
nating danger of cumulative error. It 
is also possible to check any formulas 
or figures by reversing the procedure. 


Calculation of Torques 


The cross arm of the universal joint 
shown in Fig. 1 is free to rotate about 
two perpendicular axes and therefore 
can transmit torque only on the axis 
perpendicular to the two arms. This 
fact is the starting point for analysis; 
the cross arm member will be taken as 
the free body. It is in equilibrium by 
the action of two equal and opposite 


couples or torques whose axes ar 
normal to the plane of the arms. 

Torque transmitted from the cros 
arms to each of the shafts can be seps 
rated vectorially into two component 
as shown in Fig. 2. One component i: 
parallel to the shaft; this is the torqu 
in the shaft. The other component i: 
normal to the shaft; this is the bending 
torque or moment produced in the shaft 
and is counteracted by the bearings and 
bearing supports. 

In Fig. 2 the driving or constan! 
speed shaft has a torque of value /. 
This produces a torque in the cross am 
equal to T sec y, where 7 is the spact 
angle between the axis of the driver 
and the axis of the cross arm. Likewis. 
the cross arm transmits its torque @ 
T sec y to the driven shaft and pr 
duces a torque of T sec ¥ cos a in thi 
shaft. Angle « is the space angle le 
tween the axis of the cross arm all 
axis of the driven shaft. 

Now the angles 7 and a are deter 
mined by two related conditions: th 
angle 8 subtended by the center line 
of the two shaft, and the angle 4, angle 
of rotation of the driving yoke mei 
ured from a position in which the a 
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ef the driving yoke is normal to the 
e of the two shafts. Fig. 3 diagram- 
matically illustrates these angles, and 
shows the paths of the cross arms. For 
gonvenience, angles in the following 
work are measured in degrees. 
By spherical trigonometry it can be 
shown that: 





Also that: 
tan @ = cos # tan 6 
By the use of these equations the 
yalues of torques represented in Fig. 2 
can be solved in terms of 8 and @, and 
the following important equations can 
be obtained: 
Bending moment on driver: 
T tan y = T tan 8 cos 0 (1) 


Torque in cross arm: 





T sec y = Tyl + tan? B cos? 6 (2) 
Bending moment on driven shaft: 


T sec y sina 
= 7 sin sin 6/1 + tan? 8 cos? @ (3) 





Torque in driven shaft: 


1 — sin? B sin? @ 
cos B ) (4) 





Tsec y cosa = r( 


The maximum values of the above 
four equations are: 
Maximum bending moment on driver: 


T tan y = T tan 8, when @= 0° (la) 
Maximum torque in cross arm: 
T sec y = T sec 8, when 0 = 0° (2a) 


Maximum bending moment on driven 
shaft: 


T sec y sina = 7 sin 8, when 6 =90° (3a) 


Maximum torque in driven shaft: 


T sec y cosa 
= T/cos 8, when 6 = 0° (4a) 
The bending moments T tany and T 
sec Y sin a are not absorbed by the tor- 
sional resistance of the shafts and are, 
therefore, the moments which determine 
the radial load upon the external bear- 

ing supports. 


Torque Resulting from Inertia 


When a single Hooke’s universal 
joint revolves, the driven member has a 
variable angular velocity. An equation 
for this can be derived from Equation 
(4) which expresses the relation be- 
tween the torques of the driver and 
driven shaft. Since power in both shafts 
is equal, the angular velocity of the 
driven shaft is: 


cos B 
1 — sin? B sin? 6 





Xow 


where ’ is the angular velocity of the 
driver. The variation in velocity pro- 
duces an angular acceleration, an equa- 
tion for which is found by taking the 
derivative: 


2 cos B sin? 8 cos 6 sin @ 
(1 — sin? B sin? 6)? 
This acceleration reaches a maximum 
at: 


9 
w 





1 
sin? 0 = parvg |3 sin’ 6 — 2 


+ y Gain B— 2 + Ban | 





determined by again taking the deriva- 
tive and equating to zero. 
For all practical purposes the ac- 


celeration reaches a maximum at @ = 
45°, and has a value of: 


cos B sin? B 
—————_. X 


sin? 3 \? 
Q-5 

The maximum angular acceleration 
multiplied by the Wr’/g of the driven 
member gives the maximum value of 
the pulsating torque created by the 
inertia of the driven member. If the 
angular velocity “ is expressed in radi- 
ans per second, the radius r in feet and 
W in pounds, then the torque will be 
in pound-feet. 

If inertia torque should exceed the 
torque of the driver it will create a 
reversal of the load and cause a rattle 
in any loose joints. It is for this reason 
that minimum clearances should be 
specified for all joints of a mechanism 
incorporating a high speed universal 
joint. Furthermore, this pulsating 
torque demanded by the variable speed 
element will cause some slight variation 
in the so-called constant speed element, 
the magnitude of which variation is de- 
pendent on the relative polar moments 
of inertia of the elements. 


Loads in Yoke Bearings 


Usually two couplings are employed 
in a drive and are placed so that the 
final shaft has constant speed. This 
requires (1) that all three shafts lie 
in the same plane, (2) that the angle 
between the input shaft and the inter- 
mediate shaft be equal to the angle 
between the intermediate shaft and the 
output shaft, and (3) that the yokes 
on the intermediate shaft lie in the 











Driver» 


Path of driven arm--~, 











8= Spherical angle between shatts 
9 =Angle of rotation of driver 
$ =Angle of rotation of driven shaft 
a=Angle of rotation of bearing on 
driven yoke trom @=0° 
FIG.2 Y=Angle of rotation of bearing on 
driving yoke from @=0° 


FIG.3 









8 =Angle 
“between 
shatts 






Path of 
river arms---* 











Fig. 2—Torques transmitted from one shaft to the other through the cross arm are split into two components: torque in the shaft 
and bending moment acting perpendicular to shaft. Bending moments in each shaft are in the planes of respective yokes, so torque 
vectors are drawn perpendicular to yokes. Fig. 3—Diagram of paths of yoke arms for driver and driven shafts illustrates changing 
angles which cause varying loads and varying speeds in the cross arm, shafts and bearings 
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Fig. 4—T ypical application of universal joints uses two couplings to give uniform speed 
of driven shaft. Example worked out in text shows how to calculate bearing loads 


same plane. Fig. 4 illustrates an ar- 
rangement satisfying these conditions. 

The above requirements are also met 
when the input and output shafts are 
parallel but offset. If the shafts are 
parallel the bending moments acting on 
the middle section are equal and oppo- 
site. However, if the shafts are not 
parallel there will be an unbalanced 
remainder which has to be supported by 
thrust bearings on the ends of the cross 
arms. The thrust load on any one 
bearing of the cross arm in turn is 
carried as radial loads through the two 
adjacent bearings on the cross arm. 

In the case of the drive shown in Fig. 
4 the bending moments are equal and 
additive and are balanced by thrust 
loads on the yokes of the middle sec- 
tion. From Equation (3a), this thrust 
has a maximum value of: 


2T sin 8 
M 


where M equals the length of the inter- 
mediate shaft. 

This formula shows the desirability 
of keeping the middle section M as 
long as possible when angle 8 has any 
appreciable value. Also, since the 
thrust in any one yoke bearing reverses 
every 180 deg., the clearance on the 
thrust bearings should be made slightly 
negative to allow for spring in the yoke. 

The resulting radial load on the yoke 
bearings for such a drive as shown in 
Fig. 4 is found from Equations (2) 
and (3) as: 


r= + tan? B cos? 6 
D 











sin 8 sin @ 


Mu v1 + tan? B cos? | 


where D is the distance between the 
bearings of a yoke. The maximum value 
of this equation is best found by plot- 
ting a curve. 
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Loads in Shaft Bearings 


It is not within the scope of this 
article to set forth the formulas for all 
applications of universal joints. How- 
ever, the following example will illus- 
trate the general procedure in applying 
the formulas vectorially derived to the 
determination of loads in the shaft 
bearings. 

In the application illustrated in Fig. 
4, the actual load on bearing B, is im- 
posed by a bending moment in the 
driving shaft and by a bending moment 
in the intermediate shaft. The bending 
moment in the drive shaft is resisted by 
a couple whose arm is c acting through 
the bearings. Bending moment in the 
intermediate shaft is the sum of the 
equal bending moments set up by the 
joints at both ends. This moment pro- 
duces a radial load on the bearings of 
the driver yoke which in turn produces 
loads on the external bearings. Bearing 
loads set up by these bending moments. 
from Equations (1) and (3), are added 
by quadrature to give actual load on 
bearing B,: 








Load Bo = z V tan? B cos? 6 
+ 4 sin? B sin? 6 (1 + tan? B cos? (5 ‘ 


The maximum value for which is found 
by calculus to occur at: 














sin § = 


me 3 (4- 


substituting the values from Fig. 4: 


1 4 X 2.25 — 1 
0.25882 8X 2.25 


1 2 
= 0.25882 x 7 2.5765 


sin @ = 





Obviously there is no angle whose 
sine is greater than unity, so the equa- 





tion has no solution. This means that 
at no time is the combined load from 
the two sources greater than the maxi. 
mum of one or the other of them alone, 
In the above calculation the fact that 
the load from the intermediate shaft js 
not always normal to the driver has 
been neglected. However, the result js 
the same in this case. 

The maximum load from the bend. 
ing moment in the driver, from Equa. 
tion (la) is: 

Ttan6_ 1,000 X 0.268 
:. 10 


and the maximum load from the bend. 
ing moment in the intermediate shaft, 
from Equation (3a) is 


2 Tsing (: oe *) 
M c 
2X 1,000 x 0.259 /10 + 5 





= 26.8 lb. 








Therefore, the maximum load on bear. 
ing B, is 77.7 lb. In this example the 
intermediate shaft has a sliding spline 
connection, which will cause a pulsating 
thrust load on either B, or B, depend- 
ing upon which is held. 


Horizontal and Vertical Loads 


In certain types of supports the hori- 
zontal and vertical components of the 
bending moments are carried by differ- 
ent bearings. When calculating these 
bearing loads, it is convenient to remem- 
ber that the bending moment imposed 
upon the driving shaft is in the plane of 
the driving yoke and similarly the bend- 
ing moment on the driven shaft is in the 
plane of the driven yoke. The torque 
vectors, of course, are normal to the 
yokes. 

Assuming as in Fig. 3 that both the 
driving and driven shafts lie in the 
horizontal plane, the horizontal and 
vertical components of the bending 
torque vectors are determined from 
Equations (1) and (3) as follows: 
For driving shaft: 


Vertical component = T tan 6 cos @ sin @ 
Horizontal component = T tan 8 cos’ @ 


For driven shaft: 


Vertical component = 7' tan 6 cos @ sin # 
Horizontal component = T sin # sin’ 6 


The algebraic signs have been omit- 
ted although it can be seen that the 
vertical component of 7 tan ¥ and the 
vertical component of T sec y sin 
are equal and opposite. It should be 
noted that the vertical components of 
bending torque or moment produce 
horizontal bearing loads, and the hori- 
zontal components produce vertical 
bearing loads, The total bearing loads 
are then found by combining the sum 
of the horizontal with the sum of the 
vertical Joads by quadrature. 
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ELECTRIC STRAIN GAGES 


For Measuring Loads on Machine Parts 


T IS of basic importance, if econ- 
omy is to be obtained, to design 
machinery and structures so that 

the full strength of the engineering 
materials is utilized within the margins 
of safety in order that waste resulting 
from inefficient design be reduced to a 
minimum. Many machines and struc- 
tures are constructed too heavy, in some 
there is a waste of considerable amounts 
of steel, copper, nickel and other essen- 
tial materials. An exact determination 
of the forces to which machinery is sub- 
jected, together with a rational analysis 
of the stresses and strains caused by 
these forces, will lead to lighter design 
which not only will save materials but 
will reduce the cost of the product and 
may improve its performance. Such a 
rational consideration of actual service 
conditions will put strength where it is 
needed and will eliminate material 
where it does not serve a useful purpose. 

In a few industries attempts have 
been made to determine by tests the 
service loads to which machine parts 
and structural members are subjected. 
But in many engineering departments, 
the forces under which mechanisms and 
structures have to operate are arrived at 
by rule of thumb. Stress calculations 
based on such guess work are of little 
value and the designer must.rely pri- 
marily on his experience and his sense 
of proportions. It is obvious that such a 
procedure does not approach the scien- 
tific methods prevailing in fields of engi- 
neering such as thermodynamics and 
electrotechnics. 

A relatively new and simple method 
for indicating the strain in engineering 
materials, has made it possible for the 
mechanical engineer to measure exactly 
under almost all conceivable condi- 
tions, the loads, stresses and strains in 
mechanisms and structures. In the elec- 
tric strain gage the designer has an 
instrument comparable to the ther- 
mometer in power engineering or the 
voltmeter in electrotechnics. The elec- 
tric strain gage, in making possible 
actual stress measurements, opens the 
path for more rational and efficient de- 
sign based on a knowledge of actual 
service loads. 

The principle of the strain gage is 
based on the physical property called 
strain sensitivity, of certain metallic 
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alloys and carbon compounds to change 
their electrical resistance when sub- 
jected to strain. The ratio of unit re- 
sistance change to unit strain for the 
material is known as the strain-sensi- 
tivity factor. 


Basic Element 


The basic element of an electric strain 
gage can be produced by cementing 4 
piece of thin isolating paper on a metal 
part and then cementing a small piece 
of wire having a diameter of about 0.001 
in. of strain-sensitive material to the 
surface of the paper as shown in Fig. 1. 
(Various strain sensitive materials are 
listed in Technical Notes of the National 
Advisory Committee for Aeronautics, 
No. 744.) Both terminals of the wire 
are then connected with a Wheatstone 
bridge assembly. In order to determine 
the strain in a steel rod, like that shown 
in Fig. 1, the electrical resistance of the 
strain-sensitive wire is measured first in 
the unstrained condition and then in the 
strained condition of the steel rod. The 
strain in the rod is obtained by simply 
dividing the unit resistance change by 
the strain-sensitivity factor. Since the 
stress distribution in the rod shown in 
Fig. 1 is obviously one-dimensional. the 
stress can be computed by multiplying 
the strain by the modulus of elasticity 
for steel. The applied load, of course, 
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Fig. 1—Basic principle of mounting 
strain-sensitive wire for the measurement 
of strain 


is obtained by multiplying the computed 
stress by the cross-sectional area of 
the rod. 

When the stress distribution is two- 
dimensional the strain in four directions 
at 45 deg. to each other is determined, 
and then the magnitude and the direc- 
tion of the principal stresses are com- 
puted. It should be mentioned in this 
connection that with two-dimensional 
stress distribution the computation of 
the stress, when the strains are known, 
is possible but cannot be carried out by 
simply multiplying the strain by the 
modulus of elasticity. An article by 
H. W. Sibert (Journal of Aeronautical 
Sciences, Vol. 7, November, 1939) 
shows the method to be employed un- 
der these conditions, 

Extensive research work in connection 
with the development of electric strain 
gages has been done by Prof. A. V. de- 
Forest and Prof. A. C. Ruge at the 
Massachusetts Institute of Technology, 
as well as by Drs. D. S. Clark, G. 
Daetwyler and E. E. Simmons at the 
California Institute of Technology. 
Among the many difficulties which had 
to be overcome was the temperature 
sensitivity of strain-sensitive materials, 
which means that the resistance of these 
materials does not only depend on the 
strain but is also influenced by the 
temperature. Means for compensating 
for the effect of temperature changes 
on strain measurement have been de- 
veloped. 

It was further found that electric 
strain gages when properly mounted 
can be used to measure compressive as 
well as tensile strains, and that the 
strain-resistance effect has practically 
no time-lag, which makes this type of 
gage valuable for the investigation of 
phenomena of short duration such as 
vibrations or impact conditions. This is 
important because mechanical and op- 
tical strain gages are always connected 
with some mechanism, therefore, the 
readings are often distorted by inertia 
of the mechanism when indicating a sud- 
den change of strain. The electric strain 
gage, however, consisting primarily of 
wire of one-thousandth inch diameter 
cemented to the surface of the part 
under investigation has practically no 
inertia. 

An outstanding feature of this gage 
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Courtesy Baldwin-Southwark 
Fig. 2—Metalectric strain gage for measuring strains in one direction. Gage at the left 
has a removable bar attached to it for protection. After cementing gage in place bar 
is removed as shown at right 





Courtesy Baldwin-Southwark 


Fig. 3—Strain rosettes, consisting of four gages to each unit, for determining principal 


stresses and strains at a given point 


is its high sensitivity. Provided with 
adequate electrical measuring devices 
it is possible to measure strains as low 
as one-millionth in. per in., equivalent 
to a stress of only 30 lb. per sq.in. in 
steel. 


Strain Measurement 


Gages for static as well as dynamic 
strains are available. Most of the static 
strain gages are temperature-compen- 
sated. For dynamic strains, however, a 
temperature compensation is usually 
unnecessary since the temperature can 
be considered constant for the short 
duration of such strains. Gages measur- 
ing strains in only one direction, as well 
as “strain rosettes,” containing 4 gage 
lines at angles of 45 deg. to each other 
for two-dimensional testing, are avail- 
able. In Fig. 2 is shown a strain gage 
for one-dimensional strain analysis. The 
steel strip shown on the gage at the left 
serves as a protecting bracket when the 
gage is not in use. The terminals, 
which can be seen on the gage at the 
right, are connected with the Wheat- 
stone bridge assembly when strains are 
measured. In Fig. 3 is shown a strain 
rosette, the eight terminals lead to 
four gages which are all contained in 
the unit. They in turn are connected 
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with the electric circuit for strain 
measurement. 

For measuring static strains a Wheat- 
stone bridge assembly as shown in Fig. 
4 is used. G is a galvanometer of high 
sensitivity for indicating the balancing 
of the bridge. Arm A represents the 
strain gage cemented to the surface of 
the machine part under investigation. 
Arm B is either a high quality precision 
resistor or a dummy gage of the same 
strain-sensitive material and having ap- 
proximately the same resistance as the 
strain gage in arm A. If a dummy gage 
is used, the strain gage in arm A does 
not necessarily have to be temperature- 
compensated since the dummy gage, 
maintaining the same temperature as the 
strain gage, will compensate for tem- 
perature variations. The balancing arms 
consist of two variable resistors C and 
D shunted by a 10,000 ohm fixed and by 
a 10,000 ohm decade resistance. The 
shunts can be interchanged by the 
switch, marked “shunt-reserved.” On 
the panel board of the control box, cali- 
brated strain gages used as variable re- 
sistors C and D are mounted on canti- 
lever beams which are deflected by 
micrometer screws. The Wheatstone 
bridge assembly is operated in the con- 
ventional way by balancing the bridge 
for the unstrained and then for the 








strained condition of the gaze. Whe, 
the resistance change is thus deter. 
mined, the strain is found by dividing 
the resistance change by the strain. 
sensitivity factor. For slow]; Varying 
strains an amplifier is substituted {o, 
the galvanometer. 

A circuit for the measurement of dy. 
namic strains is shown in Fig. 5, Her 
the voltage drop, caused by the Tesist. 
ance change in the gage, is amplified 
and then recorded by means of a 
cathode ray oscillograph. The circuit js 
calibrated either by closing the switch 
shunting the resistor r,, or by the 
high resistance r. shunting the fixed 
resistance. 

Electric strain gages can also be used 
for the determination of service loads, 
the qualitative and quantitative determi. 
nation of vibrations, and for investiga. 
tions concerning the reactions caused 
by impact phenomena. 

The inertia of mechanical load indi. 
cators and the often appreciable dis. 
placement necessary to obtain readings 
make the determination of loads under 
actual service conditions difficult, By 
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Fig. 4—Circuit of Wheatstone bridge 
assembly for electric strain gage measure 
ments 
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Fig. 5—Circuit for the measurement of 
dynamic strains 
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staching an electric strain gage to a 
eel rod, a simple weigh bar like that 
chown in Fig. 1 can be produced which 
has practically no displacement and the 
inertia of which is well defined. Such a 
weigh can, for instance, be attached to 
the end of an elevator rope for meas- 
yring the dynamic loading. Another ex- 
ample for load determination by resis- 
tance-type strain gages is their use in 
connection with the measuring of the 
forces on cutting tools. Here the gages 
are directly attached to the tool. After 
measuring the strains, first the stresses 
and then the cutting forces are com- 
puted, considering the cutting tool as 
acantilever subjected to normal loading 
in combination with a twist movement. 
Electric strain gages simplify also the 
determination of forces acting on air- 
plane models in wind tunnels. In this 
case the gages are attached to the sus- 


& 


Fig. 6—Interior of airplane wing showing a number of metalectric strain gages cemented 


in place for stress analysis work 


pension wires of the model. Strain gages 
are also employed for determining 
torque in drive shafts. 

One method of using strain gages in 
the aeronautical industry is illustrated 
in Fig. 6. It indicates how stress 
analysis by actual strain measurement 
can be employed to reduce the dead 
weight of airplanes and thus increase 
their range of operations. The same 
method can be used for refining the de- 
sign of railroad cars, ships, tanks and 
buildings. This would not only increase 
the efficiency of the design but would 
also result in a saving of metals. Where- 
ever mass production of a machine is 
contemplated, a careful design analysis, 
aided by actual stress and strain meas- 
urement would be worthwhile standard 
practice. 

Electric strain gages having practic- 
ally no inertia of their own, have been 
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adapted to the measurement of transit 
strains such as are caused by shock, 
detonations, or vibrations of high fre- 
quency. Fig. 7 is a strain record of a 
shock wave traveling at the velocity of 
sound, about 200,000 in. per sec. 
through a steel bar of stepped diameter. 
The dimensions of the steel bar and the 
location of the strain gages are shown 
in Fig. 8. (This record was obtained 
with the equipment of the Massachu- 
setts Institute of Technology.) The rec- 
ord indicates the behavior of a shock 
wave at a discontinuity or shoulder. The 
record track No. 3 indicates first a 
large compressive wave passing, and 
shortly after that a smaller compressive 
wave. This second wave is the part of 
the initial wave which was reflected at 
the shoulder. The third wave shown on 
record track No. 3 is a small tensile 
wave which is the reflection of the pre- 
vious smaller compression wave from 
the bar’s near end. The large tensile 
wave following next is the returning 
initial wave which has now propagated 
through the whole bar to the far end 
and back and has been re-inforced at 
the shoulder by the smaller reflection 
wave mentioned before. The upper rec- 
ord track No. 1 shows first the initial 
compressive wave passing, then its re- 
flection from the far end as a tensile 
wave. After about 0.00067 sec. as meas- 
ured on the time scale there can be 
seen again a compressive wave passing. 
This is the reflection of the previous 
wave coming from the near end and 
having traveled 134 in. since it has 
passed last through the bar at the gage 
No. 1 station. 

The record shows that strains lasting 
for only 1/10,000 seconds are indicated 
by the electric strain gage. A compari- 
son of a series of quantitative measure- 
ments with the theoretical values for 
the propagation and reflection of im- 
pact waves has further proved that the 
error did not exceed 7 percent, and 
that most evaluations came as close as 
3 percent within the expected theoretical 
values. 
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Fig. 7—Strain record of a shock wave passing through ~ Fig. 8—Steel bar and location of strain gages from which the strain 
records shown in Fig. 8 were made 


a steel bar with a discontinuity 
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Fig. 1—(A) Four home-made slide rules designed to solve formulas for shaft bending stress and twist, and stress and deflection in 
rectangular beams. Scales may be applied directly on wood or lithoprinted cardboard scales cemented to slide rule blanks. (B) Iney. 
pensive single slide rules can be used as blanks for special rules by removing the transparent runners and adding new scales 


SPECIAL SLIDE RULES 


Simple Methods of Construction 


PECIAL SLIDE RULES to handle 
single formulas save sufficient 
time in engineering computations 

to be worth serious consideration. An- 
swers are obtained quickly without the 
possibility of missing the decimal 
point. Lack of a simple outline of pro- 
cedure in their construction may be 
the chief obstacle to their more wide- 
spread use since the theory of slide rule 
operation is generally understood. 
Special slide rules have more than 
one advantage. They serve the same 
purpose as alignment or nomographic 
charts but are often preferred to the 
latter because of their durability, con- 
venience of operation and in some in- 
stances, the reduced chance for error. 
The biggest advantage in the use of a 
slide rule made especially for a formula, 
as with nomographs, is that it places 
the decimal point in the answer, thus 
eliminating this possibility of error. It 
also eliminates extra settings for con- 
stants because scales are shifted to 
take care of all constants automatically. 
Thus in functions of variables such 
as 0.3x*, only the value of x is set on 
the special slide rule. While simple 
logarithmic scales would be most com- 
monly used on these special rules, just 
as they are on ordinary slide rules, 
other scales are also possible for func- 
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tions, such as \V/sin x, (0.2416 R log 
2R), log tan x, if appearing in an equa- 
tion to be added to other functions, Fig. 
5 illustrates the construction of such 
scales. 


Basic Principles 


It is beyond the scope of this article 
to go into the details of scale construc- 
tion. However, a few basic facts will be 
helpful in preparing special scales. The 
first is that basically all slide rules do 
only two things: add and_ subtract 
selected scale lengths. The ordinary 
slide rule adds and subtracts logarithms, 
but by using logarithmic scales the 
results of multiplication or division are 
read directly. The special slide rule is 
made to handle various functions of 
variables with attention only to the 
variable itself, by adjustments in size 
and position of logarithmic and other 
special scales. 


For addition or subtraction, an equal 
division scale is used. For multiplica- 
tion or division, a logarithmic scale is 
used. In a formula involving an ex- 
ponent, for example X = V’Y, the scale 
for V must be twice the size of the 
chosen fundamental scale, that is, the 
distance from one to ten on the logarith- 
mic scale for V must be twice the dis 
tance from one to ten on the X and 
scales. A coefficient in the formula 
shifts the scale as a whole without 
otherwise affecting it. 

It is sometimes necessary to combine 
the addition of variables with the mul- 
tiplication of other variables in a for: 
mula. The simplest method is to per- 
form the addition on the side, and apply 
the result to a“togarithmic scale to be 
multiplied on the slide rule. Slide rules 
combining these operations have been 
constructed, however, and occasionally 
are worth the extra effort. 
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Fig. 2—Shapes used for slide rules. The double slide rule is home made, the single 


slide rule came from a “Dime” store 
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One of the “bottlenecks” in the con- 
gruction of such slide rules —con- 
yenient availability of slide rule blanks 
go which to put the special scales—is 
now partially relieved by Woolworth’s 
and other chain “Dime and Dollar” 
stores where single slide rules can be 
purchased for 25 cents. The faces of 
these rules, if printed directly on the 
wood, may be covered over by card- 
board scales since the transparent run- 
ner is not required on the rules to be 
described here. 

Double slide rules, that is, rules with 
two sliders, can be made in a wood- 
working shop. The double slide rules 
illustrated herewith were home made. 
The single slide rule blanks can be ob- 
tained, if not available at local stores, 
from two or three manufacturers at low 
cost or can be “home made” like the 
double slide rules. 


Materials 


If the slide rule blanks are to be home 
made, they are made preferably from 
two-year, air-dried basswood. Kiln dried 
wood is less stable than air dried. 
Maple is used sometimes but it is much 
more difficult to make the slide fit per- 
fectly. Basswood seems to be affected 
less by changes of temperature and 
humidity. Basswood is not as strong as 
maple, hence a slight twist in a slide 
does not cause much binding when it is 
put into the body of the rule. 

Both edges of the slide are cut on a 
high-speed milling machine at one pass. 
Likewise, the mating edges of the slide 
tule body are milled with one cut. The 
slides are milled parallel within 0.001 
to 0.005 in. The cutters are set to cut 
about 0.012 in. smaller than the ways 
cut in the body of the rule. It was found 
that after cutting the wood and expect- 
ing to get 0.012 in. clearance there was 
actually only 0.004 in. clearance when 
the parts were fitted together. This 
makes a good running fit. The end views 
in Fig. 2 show two suitable shapes. 

The use of cardboard lithoprint scales 
sprayed with lacquer has proved satis- 
factory from the standpoint of dura- 
bility. They have the slick white ap- 
pearance of the higher-priced rule and 
are not appreciably affected by tem- 
perature and weather conditions. The 
use of lithoprints has the advantage of 
making all copies from one original 
which can be made on tracing cloth 
with greater ease and accuracy than 
directly on the wood rule. 

Slide rules can also be made with 
scales inked directly on the wood after 
treatment to prevent the ink from 
“bleeding,” or sharply defined division 
lines can be made with a hard pencil. 
In either case a coat of lacquer will 
Protect the scales. 


June, 1942 








Construction Procedure 


The usual procedure in making the 
lithoprint type slide rule is as follows: 

1. Roughly outline the scales of the 
rule in pencil on drawing paper in 
order to be sure that the full range of 
each variable is covered. 

2. Accurately transfer the gradua- 
tions from logarithmic graph paper to 
a piece of tracing cloth, using a hard 
pencil. A number of sizes of logarithmic 
scales are available on graph paper 
forms. If a required size is not avail- 
able it can be produced by projecting 
a larger scale laid at an angle with the 
scale line. 

3. Ink the cloth tracing. 

4. Use the tracing to make lithoprints 
on ten-ply white cardboard. Fig. 4 shows 
typical specimens. 

5. Cut the cardboard into strips to 
fit the slides and body of the blank slide 
rule. A paper cutter insures cutting a 
straight edge. 
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6. Glue or cement the cardboard to 
the slide rule blank, taking care to line 
up the graduations the same as they 
appear on the tracing. Shellac makes a 
good bond. A rubber cement makes the 
cleanest job because any excess cement 
can be rubbed off without marring the 
cardboard. 

7. Trim the cardboard flush with out- 
side edges of the rule. 

8. Apply lacquer to protect the rule 
from dirt, preferably by spraying. 

9. Apply a little paraffin to the edges 
of the slide to make it easier. 


Scale Arrangement 


The formula for calculating the 
weight of a rectangular steel plate is: 
Thickness X width xX length xX con- 
stants equal weight, or TWLK = VW. 
This becomes in the logarithmic form: 


Log T + log w + log L + log k = log W 
In Fig. 4 it is shown how these 
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Fig. 3—Lithoprints of scales on 10-ply white cardboard for several special slide rules 
as reproduced from original tracings. When they are cut apart they will be ready to be 


cemented to slide rule blanks 


341 




















logarithms are added to obtain the 
maximum weight that is determinable 
on the slide rule. 

Since all values are raised to the 
same power, the same size scale can be 
used for all variables. In this instance 
a base of 2% in. for the range from 
1 to 10 fitted the rule conveniently and 
covered all sizes of plates likely to be 
used. Example 1 in Fig. 3 shows the 
scales as laid out on white cardboard 
ready to be cut apart before cementing 
to the slide rule blank. 

The direction of scales on the slide 
rule is determined by following a sim- 
ple rule based upon the equation re- 
arranged to equal zero, with the vari- 
ables in the order that they are to 
appear on the slide rule from top to 
bottom. 


Log T + logw + logL + log k — log W = 0 
Symbols for the variables are then 


written in this order in the following 
key: 


Key 


Seale Direction 


—— ee i 
€—+wo-—> <w 

<+-L+—>> L—-> 
<_+Ww-—> W-> 


The check marks, which indicate the 
directions of scales for each variable, 
were placed with respect to signs in the 
logarithmic equation above. In this in- 
stance all of the scales ascend from left 
to right. This is not always practical 
because variables must also be arranged 
in a logical order for handling the 
equation. 

The scales for Z and D on this slide 
rule must be three times the size of the 
basic scale chosen for the others. A 
base of 6 in. for L and D, and 2 in. for 
the others was found convenient. These 
sizes are chosen with respect to range 
of the variables. Thus, the desired 
range for L was 2 to 300. If it had been 
2 to 3,000 the scale size could have been 
only about two-thirds as large. The 
longest scale controls the size of all. 

This can be determined by a study of 
desired ranges of variables, their scale 
sizes and displacements, if any. The 
scales for determining deflection of a 
rectangular beam are shown next to the 
bottom in Fig. 3 ready to be cut apart 
and cemented on a slide rule blank. 
The completed slide rule is shown at 





is 2 in. thick, 4 in. deep, and extend, 
20 in. from a wall with a 3,500-lb. load 
at its end. The upper slider is positioned 
so that 2 in. on the B scale (see Fig, 3) 
is opposite 3,500 lb. force on the PF 
scale. The lower slider is then moved 
until 4 in. depth on the D scale jg 
opposite 20 in. on the L scale. The ar. 
row corresponding to cantilever loadin 
then indicates the answer, 0.031 in, de. 
flection for a steel beam or 0.075 jp 
for a cast iron beam. 

When the same settings are made on 
the slide rule for computing stress of 
rectangular beams the arrow corre. 
sponding to cantilever loading indi. 
cates 13,300 lb. per sq. in. stress. 

Both of these double slide rules cay 
handle equations of four kinds of beams 
because only the constant is different 
in these equations. 


REFERENCES 


Special Slide Rules, by J. N. Arnold, 
Purdue University Engineering Bulletin, 
Extension Series No. 32. 

The Making of Special Slide Rules, by 
G. W. Greenwood. Mechanical Engineer. 


Check marks placed opposite the 
signs of the variables in this form of 
the equation indicate the directions of 
all scales. It is usually preferable to so 
arrange the equation that as many as 
possible of the scales ascend from left 
to right, except that the final result 
should be on the bottom scale of the 
slide rule. 


Deflection of Beam 


The formula for computing the de- 
flection of a rectangular steel beam is: 


3 


: WL 
Deflection = Bb X constant 


The equation is written first in the fol- 
lowing form with variables in the de- 
sired order: 
Log W — log B + 3logL — 3log D + 

log constant — log Deflection = 0 

The direction of the scales may be 
determined by the following key. The 
constant is included when there is an 
odd number of variables because the 
variables must be arranged in pairs, two 
for each slider edge. If no constant were 
indicated in the above equation the con- 
stant 1 would be supplied, or zero 
where several quantities are added and 
subtracted. Thus log 1 equals 0 in the 
logarithmic form of the equation. 


ing, Nov. 1925, p. 1002-6; June 1926 p, 
593-4. 

Design of Special Slide Rules, by A. 
Lewis Jenkins. Industrial Management, 
Nov. and Dee. 1917, pp. 241-8, 384-9; and 
Jan. 1918, p. 42-4. 


the bottom in Fig. 1(A) set for a solu- 
tion described below. 

Using a rectangular beam formula 
for determining stress in a cantilever 
beam, let it be assumed that the beam 
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Fig. 4—Principle of addition of logarithms is used in preparing slide rule scales 
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Seale Direction 
w-> 
Bo 
L—> 
D—> 
K—> 

Def. +> 


k------------- Equally divided scale for (log x )------------- > 
| log x 
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carnaaceeiamiamiammacais baie ta Special scale for x ---------------- > 
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Fig. 5—Method for constructing special scales. The logarithmic scale, shown above 
for comparison only, is usually taken directly from standard logarithmic graph paper 
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PEARLITIC 
MANGANESE STEELS 


STEELS WITH LESS MANGANESE are urged by the 
Office of Production Management because of possi- 
ble shortages in high-grade imported ores which 
have been preferred over domestic low-grade ores. 
This refers particularly to the pearlitic manganese 
steels containing 0.50 to 2.00 percent manganese, 
which have grown in use because of their machina- 
bility, case hardening properties, strength and 
toughness, and because manganese is normally one 
of the cheapest alloying elements. 

These steels are not to be confused with the 
almost unmachinable austenitic manganese steels 
containing 10 to 16 percent manganese. These im- 
portant steels use a very small percent of total man- 
ganese consumption and no substitute for them has 
been found. 

Substantial reduction in manganese consump- 
tion can be made without serious effects on the 


cost and quality of steel, it has been determined. 

Nearly 1,000,000 Ib. of ferromanganese now go 
into steel annually. Manganese content of most 
steel products has been increasing because consum- 
ers have demanded better and better quality of 
surface, both of steels used in the as-rolled condi- 
tion and of steels to be converted into finished 
products. 

From 0.15 to 0.30 percent manganese is ordi- 
narily considered essential in steel as a “conditioner’’ 
of the molten bath. The commercial “carbon” steels 
normally carry 0.30 to 0.80 percent manganese 
without being classed as other than a plain carbon 
steel. No attention is paid to the effect of the pres- 
ence of manganese until over 0.50 percent is 
included. Yet the strength of ordinary structural 
steel is materially higher because of its manganese 
content. 


GENERAL PROPERTIES 

Welding. Pearlitic manganese steels 
are not “welding steels” but may be 
welded without difficulty in manufac- 
luring parts involving welding. 

Forging. Pearlitic manganese steels 
present no unusual difficulties in any 
regular forging operations and_ they 
can be freely used in parts requiring 
lorging. 

Cold Drawing. Pearlitic manganese 
steels may be cold drawn without diffi- 
culty by standard procedures. 

Machining. Pearlitic manganese 
steels are particularly free machining. 
Low carbon types are practically equiv- 
alent to Bessemer screw stock. Machin- 
ing becomes more difficult with in- 
crease in content of carbon, mangan- 
ése, and other alloying elements. 

Steels containing 2 to 3 percent man- 
ganese with other alloys have limited 
and special uses. They possess unusu- 
ally good physical properties but there 
are too many manufacturing difficulties 


f 


or general adoption. 


SUBSTITUTIONS 


th many instances merely a reduc- 
lon in manganese will suffice. Equiv- 
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alent physical properties may be ob- 
tained by substituting other more ex- 
pensive metals for manganese in many 
of the higher manganese steels. Alloy- 
ing, strength-giving effects of manga- 
nese may be obtained to some degree 
by increasing silicon or phosphorous 
and holding manganese low. Additions 
of copper and silicon, or copper and 
molybdenum are effective in cast steels 
of low manganese content. 

An effective, though more expensive 
substitute for high manganese in 
wrought steels is molybdenum, or sili- 
con plus molybdenum. Molybdenum is 
especially effective in steels for heat- 
treatment by quenching and tempering, 
because it confers depth-hardening 
properties. Use of titanium, zirconium, 
and molybdenum to control sulphur is 
being investigated. 


ENGINEERING STEELS 
DEPTH-HARDENING 


Where manganese is added chiefly 
to give depth-hardening properties its 
replacement by silicon is limited by 
lesser depth-hardening ability. Molyb- 
denum, however, is potent in produc- 
ing depth-hardening. Roughly speaking, 


a 0.30 percent manganese, 0.25 per- 
cent molybdenum steel in small sec- 
tions will have most of the character- 
istics of a 1.30 percent manganese 
steel upon heat-treatment. 

Steels of a wide range of carbon 
content can be strengthened and given 
a range of strength and depth-harden- 
ing properties suitable for almost any 
automotive or analogous part, by 
proper balance of carbon, _ silicon, 
molybdenum and of a little secondary 
aluminum for grain size control, with 
manganese held at a very low level. 


ROLLING AND 
FORGING PROPERTIES 


Manganese content of steels WD 
X1335, WD X1340, and WD X1345 has 
two functions. First is to convert most 
of the sulphur to manganese sulphide 
and thus improve rolling and forging 
properties. For that purpose alone the 
average 1.50 percent content is far too 
high. 

The tendency of high-sulphur steels 
to break in rolling or forging de- 
pends greatly upon carbon content. 
The tendency is much more apparent 
in steels containing approximately 0.20 
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percent carbon than in steels contain- 
ing 0.40 percent carbon. Steels con- 
taining 0.35 to 0.50 percent carbon 
and 0.075 to 0.15 percent sulphur 
can be rolled or forged satisfactorily 
with 1.00 to 1.30 percent, or even 0.80 
to 1.10 percent manganese. 


HARDENING PROPERTIES 


The second function of manganese 
in the WD X1300 series steels is hard- 
ening. Hardness. yield point and tensile 
strength of such steels are increased in 
the air-cooled or oil-quenched condi- 
tions. It is relatively simple to obtain 
a yield point of 45,000 lb. per sq.in. 
in a steel similar to WD X1340 but 
with only 1.00 to 1.30 percent, or even 
less manganese. 

Use of steels suitable for heat-treat- 
ment would save manganese because 
by heat-treatment, higher physical 
properties can be obtained with a given 
manganese content than can be ob- 
tained by air cooling. 

EFFECT OF SULPHUR 

High sulphur content of shell steels 
has required some manganese to over- 
come hot-shortness. It is believed that 
the manganese which combines with 
sulphur to form manganese sulphide 
does not contribute to hardness nor 
yield point. Although sulphur is con- 
sidered important in determining sur- 
face condition and is added to steel 
to enhance its machinability, the need 
for such sulphur is open to question. 
Many machine tools used in manu- 
facture of large-diameter shells will 
not run fast enough to take full ad- 
vantage of the extra machinability of 
high sulphur steels. 


COMMERCIAL 
HIGH-MANGANESE STEELS 

Many applications where SAE 
grades T1330, T1335, T1340, T1345. 
and T1350 are used would be served 
equally well by lower than 1.60 to 
1.90 percent manganese. Certain speci- 
fications, such as those of General Mo- 
tors Corporation, now call for lower 
manganese because the carbon content 
permits rolling reasonably well. Where 
somewhat greater hardness or harden- 
ability is required, it is believed there 
is a field for medium carbon sulphur- 
ized steels containing 1.44 to 1.30 per- 
cent manganese. 

Steel Bars and Forging Billets. Most 
logical substitute for manganese in 
bars to be heat-treated is carbon with 
no change in grain size although 
this might change the heat-treating 
cycle, lower impact properties some- 
what, and decrease machinability in 
the higher carbon ranges. 

Reduction of manganese without 
changing carbon content would change 
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it from fine to coarse grain steel. There 
would probably be more surface prep- 
aration required and somewhat high 
rejections for surface defects. In forg- 
ing the bars there might be increased 
rejections from cracking in the trim- 
ming operations. There would prob- 
ably be a slight change in properties 
involving ductility, but somewhat bet- 
ter machinability. 

In higher manganese steels contain- 
ing sulphur it is believed a lower sul- 
phur steel would often perform. satis- 
factorily in machining, except in high- 
speed automatic machine work. 

Sheet Steel and Strip Steel. An aver- 
age manganese content of 0.35 percent 
maximum is believed satisfactory. 

Wheels, Axles, and Heavy Forgings. 
No changes in specification require- 
ments for manganese recommended. 

Pipe, Lap Weld and Butt Weld. Re- 
duction of 0.25 percent manganese 
recommended. 

Tin Plate. Little can be done to lower 
manganese content of steel plate to be 
tin plated because of the possibility of 
producing bad edges and meeting other 
difficulties. 


Standard Tee Rails. Reduction of 
manganese is believed practical al- 


though with some sacrifice of wearing 
quality and possibly slight increase in 
seconds. 


CAST STEEL 


In alloy cast steel, because of its 
cheapness, manganese normally runs 
around 1] percent or over. If other al- 
loys are used they are usually added 
beside, rather than instead of mangan- 
ese. Reduction to 0.70 percent is rec- 
ommended with a few exceptions. 
Strong cast steels that do not require 
holding manganese at a high level 
are well known. Either copper plus 
silicon or copper plus molybdenum 





will serve the purpose as we 

Use of phosporus as a strengthen, 
ing element is not feasiblo in ¢ay 
steels. Cast steel does not have th 
problem of edge cracking on rolling 
so that copper may be raised to am 
reasonably desired level. In wrough 
steel edge cracking occurs with high 
copper, though it may be avoided } 
not overheating prior to rolling. 


FREE-MACHINING STEELS 


An important role of manganese js 
in the high-sulphur _ free-machining 
steels of the SAE 1100, X1100 and 
X1300 series with sulphur ranging 
from 0.05 to 0.30 percent with or with. 
out phosphorus at 0.09 to 0.13 percent 
and manganese at 0.60 to 1.65 percent, 
Manganese is added primarily to pre. 
vent cracking during rolling though its 
strengthening properties and, in steel 
to be heat-treated, its depth-hardening 
properties, may be valued also. 

Good free-machining properties may 
be obtained, without appreciable sae. 
rifice of toughness, even in heat-treated 
alloy steels, by addition of up to 0.5 
percent lead, without increasing sul. 
phur and thereby requiring high man. 
ganese to balance this sulphur. Ma 
chining time on some alloy die steels, 
produced by a die maker who melts 
his own steel, is being effectively re. 
duced by addition of lead. Little actual 
use of this possibility has been made 
because of complication in warehous- 
ing extra grades. 

One large user reported that high 
accuracy screws, pinions, and _ shafts 
have been produced on automatic screw 
machines from leaded LX1112 steel. 
Its superior machinability reduced the 
number of screw machines to half what 
would be necessary with ordinary screw 
stock. Improvements in steel making 
may also aid in manganese conservation. 


Composition of Commonly Used Pearlitic Manganese Steels 
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Steel Type SAE No. Cc 
Pega aan X-1314 | 0.10-0.20 
> PS eee X-1315 0.10-0.20 
ch ee, RIAL aS 0.10-0.20 
| ae eee X-1330 0.25-0.35 
Real toca seek casera X-1335 0.30-0.40 
ee tere X-1340 0.35-0.45 
ee hi Bie Bi ia, oe as T-1330 0.25-0.35 
anne T-1335 | 0.30-0.40 
a ee eee! T-1340 0.35-0.45 

ES ERE Ae T-1345 0.40-0.50 

| ER ees ee T-1350 0.45-0.55 

* RRR, BS 0.45-0.55 











.00-1.30 | 0.045 max. 0). 075-0.15 
.30-1.60 | 0.045 max. 0. 075-0.15 
.30-1.60 | 0.04 max. 0.08 max. 
.35-1.65 | 0.045 max. 0.075-0.15 


.35-1.65 | 0.045 max. 0). 075-0 5 
.35-1.65 | 0.045 max. 0.075-0.15 
.60-1.90 | 0.040 max. (0). 050 max. 


ee ee 


.60-1.90 | 0.040 max. 0.050 max. 
.60-1.90 | 0.040 max. 0.050 max. 
.60-1.90 | 0.040 max. 0.050 max 
.60-1.90 | 0.040 max. 0.050 max 
.00-1.30 | 0.040 max. 0.08 max. 








— 





*Types 3 and 12 
molybdenum. 


are frequently furnished with additions of chromium and/o 


Types 1, 2, and 3 are most commonly used for case hardened parts, such as roller 
bearings, camshafts, and gears. These steels harden with a hard case at low temperature 
and possess a strong, tough core. They all possess superior machining qualities and are 


classed as free cutting steels. 


— 
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VANADIUM ALLOYS 


Too extensive use of vanadium, 


which was brought about by substitution of SAE 6100 steels for non- 


gbtainable nickle-containing steels, can be relieved in the majority of applications by using the equally 


grviceable molybdenum or molybdenum silicon steels with a grain-refining addition of aluminum. This 


will save chromium as well. Secondary aluminum, or what might be termed “complex ferro-aluminums,” 


made from waste products that cannot be purified economically, may be used for this purpose. 


ENGINEERING STEELS 


In general, only 0.10 to 0.20 percent 
yanadium is added to engineering steels 
and the slight increased cost has been 
repaid by advantages gained. However, 
at least some substitution has been 
made for economic reasons. 


STRENGTH 


Small amounts of vanadium are used 
to put steel into a certain condition, 
rather than for bodily strengthening. 
The “carbon-vanadium” steels, which 
have both increased strength and _in- 
creased toughness over plain carbon 
steel, normally contain more manganese 
than plain carbon steel, and it is this 
that gives the steel its added strength. 
Vanadium steels are readily cast, forged 
or rolled. 


LOAD-DEFLECTION 
CHARACTERISTICS 


Steel castings containing vanadium 
have a higher elastic ratio than cast- 
ings without vanadium but of otherwise 
like composition and heat-treatment. 
At the same time, the vanadium cast- 
ings possess at least equal ductility in 
tension and considerably higher impact 
strength and wear resistance. The re- 
sult is greater ability to sustain stress. 
or to deform rather than rupture under 
sudden overloads. 


TOUGHNESS AND GRAIN SIZE 


Vanadium increases toughness 
through control of grain size or by pro- 
ducing a fine grained steel. Properties 
of steels made fine-grained by other 
means are not wholly identical, but they 
are acceptable engineering substitutes 
in many applications. The virtue of 
vanadium is in its foolproofness; the 
results are more certain. 

In fine-grained engineering steels in 
small sections, to be quenched and 
tempered, it may be broadly stated 
that it is immaterial to the behavior of 
the finished part whether the fine grain 
is produced by addition of vanadium, 
aluminum, zirconium, or titanium plus 
aluminum, or some combination of 


June, 1942 





these. Total addition of any substitute 
or combination is only around 0.003 to 
0.010 percent. 


COMPLEX ADDITION AGENTS 


Complex addition agents of nearly 
every combination of aluminum, titan- 
ium, zirconium, and vanadium, as well 
as silicon have been put on the market 
as means of obtaining as effective re- 
sults as with vanadium alone or of re- 
ducing the amount of ferro-vanadium 
required. These complex agents are too 
new for their action to have been thor- 
oughly appraised. However, some of 
them, properly used, made a_ fine- 
grained, relatively deep-hardening stee! 
instead of the fine-grained  shallow- 
hardening steel produced by single addi- 
tions handled in the usual way. 

Vanadium-free or very low-vanadium 
containing molybdenum or 
molybdenum plus silicon, deoxidized 
with aluminum and given depth-hard- 
ening behavior through such additions, 
have been suggested as substitutes for 
steels quite heavily alloyed with nickel, 
chromium, and manganese. 


steels, 


NORMALIZED STEELS 


Substitution for vanadium is some- 
what more difficult when steel is not to 
be quenched and tempered, but is to be 
used in the normalized condition in 
heavy sections, or to be welded and 
used without later heat-treatment after 
it cools from the welding heat. 

Heavy shafting and other parts to be 
normalized are often made of steel with 
0.75 to 1.50 percent manganese and 
0.35 percent molybdenum; or with 0.75 
to 1.50 percent chromium, with normal 
manganese; or with 1.00 to 1.60 percent 
manganese plus 0.30 to 0.65 percent 
chromium, all with about 0.15 to 0.20 
percent vanadium. These steels are 
made up on special order, the tonnage 
is small and the uses important. 


AS-ROLLED AND AS-WELDED 
PLATE 


There are some advantages in using 
manganese-vanadium steel plate as 
rolled and for welding. Safe weldability 


at as high as 0.17 to 0.18 percent car- 
bon, with around 1.20 percent manga- 
nese may probably be had in such steel, 
although the subcommittee on welding 
low alloy steels of the American Weld- 
ing Society did not exempt this from 
its general statement that steel to be 
welded without preheating or post-heat- 
ing should be limited to 0.15 percent 
carbon, whatever its alloy content. 

However, a variety of other weldable 
alloy steels without vanadium are avail- 
able with adequate high yield strength 
to be used as substitutes for less exact- 
ing conditions. 


CAST STEELS 


Vanadium steels show high elastic 
properties and excellent resistance to 
impact both at ordinary and low tem- 
peratures. Use of vanadium steel is ad- 
vantageous for massive or intricate cast- 
ings that are not liquid quenched. 

At elevated temperatures, vanadium 
cast steels show considerably better 
yield strength than carbon steels of like 
tensile strength. At low temperatures, 
vanadium cast steels show excellent re- 
sistance to impact. 

Vanadium is added to various cast 
alloy steels to prevent formation of too 
coarse a dendritic structure, one that is 
difficult to refine in subsequent normal- 
izing. Titanium is as effective as vana- 
dium if suitable ferroalloys of titanium 
are available. Little hardship would be 
involved in practically complete avoid- 
ance of vanadium in cast steel, with a 
few special exceptions. Titanium may 
require a higher normalizing tempera- 
ture, and according to some authorities, 
becomes less effective with increase in 
weight of casting. 


PRECAUTIONS 


Any substitution of vanadium should 
be approached with caution and each 
case studied for its real needs, rather 
than issuing a blanket edict that no 
vanadium will be available for wrought 
engineering steels. In applications 
where it has been used for convenience 
and certainty, use of aluminum or 
titanium and special care in finishing 
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the steel is recommended. he only 
practical way to improve the vanadium 
situation is to work through the makers 
of alloy steels. 

Ultimately, a modification of alloy 
steel specifications should be brought 
about to express requirements in terms 
of grain size and coarsening tempera- 
ture, hardenability and ultimate mechan- 
ical properties rather than to call for 
“vanadium steel,” or some other speci- 
fied composition in the attempt to secure 
desired properties. 


HOW TO ORDER 


If specifications and orders for steel 
are worded so as merely to require the 
desired depth hardening properties, 
grain size, coarsening temperature and 
mechanical properties without insisting 
on or indicating the use of vanadium, 
steel mills can usually meet the re- 
quirements without having to use it. 


MAJOR USES 


Major use of vanadium in wrought 
engineering steels is in the SAE 6100 
series. The lower carbon ranges are 
used for carburizing, the intermediate 
ranges for gears, connecting rods, etc., 


Properties 


and the higher carbon ranges for 
springs and certain special parts. 

In all these uses other additions to 
produce fine grain will serve almost as 
well as vanadium as far as the prop- 
erties of the finished part are con- 
cerned, even if fabrication differs. 


MACHINABILITY 


It is where intermediate machining 
must be done that the chief value of 
vanadium is exerted, in that to coarsen 
the grain suitably for good machinabil- 
ity, a slight overheating of the vana- 
dium-containing steel will effect the 
coarsening, whereas with other grain 
size control agents, more drastic over- 
heating is required. This takes time 
and fuel and increases danger of warp- 
ing, scaling, and  decarburization. 
Chromium steels are not as readily de- 
carburized, other 
steels, notably silico-manganese spring 
steel. 


however, as some 


Vanadium steels are no more severe 
upon cutting tools than are other alloy 
steels of equal strength or hardness. 
Since the grain of vanadium steels 
coarsens in a narrow range of tempera- 
ture. only somewhat above the range 
employed for normalizing or hardening, 





machining to a smooth surface ; 
readily attainable by such high ten. 


perature normalizing. The tine grai, 
and its associated toughness are reey. 
ered again after heat treatment at th 
usual temperatures. 

Machinability requiremenis can }y 
supplied in fine-grained stee! by ally, 
steel producers without vana- 
dium if proper coarsening temperatures 
for the particular substitute are used, 


using 


WELDING 


Chrome-vanadium steels all requir, 
preheating in order to obtain satisfge. 
tory results in welding. Sample welds 
may be required to determine proper. 
ties obtainable from welding operation 
and the effect of the heat-treating oper. 
ation. Gas and are welding are com. 
monly used, thermit welding occasion. 
ally, but resistance welding is not used, 


|This material, except under the 
head of Engineering Steel Uses, js 


largely abstracted from a _ recent re. 
port by H. W. Gillett for the Metals 
Conservation and Substitution Group of 
the Advisory Committee on Metals and 
Minerals, National of Sci. 
ences. | 


Academy 


of Representative Low Alloy Cast Steels with Vanadium 





. 0:22 'C, 0.70 Mn, 0.40'Si, 0:20 V....... 0.05... 
2. 0.38 C, 0.87 Mn, 0.32 Si, 0.20 V.......... 
3. 0.30 C, 0.80 Mn, 0.40 Si, 0.10 V, 1.00 Cr... 


. 0.29 C, 1.02 Mn, 0.31 Si, 1.49 Ni. 0.13 V... 


. 0.30 C, 1.65 Mn, 0.10 V 


1 
2 
3 
4. 0.42 C, 1.45 Mn, 0.80 Si, 0.38 Cr, 0.16 V. 
] 
6 


. 0.28 C, 1.34 Mn, 0.39 Si, 1.72 Ni, 0.11 V....... 


(Double normalized and drawn 
(Double normalized and drawn 
(Double normalized and drawn 
(Normalized 1,650 F., drawn 1,150 F 
(Double normalized and drawn 
(Double normalized and drawn 








dod siege cs eee aires es atthe (Annealed 

1 z 3 1 5 6 7 
Tensile strength, lb. per sq. in....... 79,000 94,100 94,300 116,000 93 ,000 101,000 103, 000 
Yield point, lb. per sq. in........... 16,000 64,900 64,850 74,000 65,000 67 , 000 71,500 
Elongation in 2 in., percent......... 31.0 24.0 27S 19.0 29.0 27.0 23.0 
Reduction of area, percent.......... 58.6 5a.9 5758 13.0 57.8 55.0 10.4 
Izod impact value, ft.-lb............ 50.2 RR es ee Ed Be 58.5 15.0 13.3 


























ENGINEERING STEEL USES 


CarBon VANADIUM STEELS. Principal 
composition: 0.45-0.55 C, 0.70-0.95 Mn, 
0.15 V (min.) 

Used for locomotive forgings such as 
axles, crank pins, connecting rods, and 
piston rods. Forgings are usually nor- 
malized and tempered. 

Automobile crankshafts of this steel 
are drop forged, normalized, restruck 
and die straightened at normalizing tem- 
perature, and then machined without 
further heat-treatment. These shafts are 
practically free from internal stresses. 
This steel responds well to quenching 
and tempering. 
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CHROME VANADIUM STEELS. Generally 
conform to SAE specifications for 6100 
series. Steels 6115, 6120, and 6125 are 
used for case hardened parts, such as 
automobile gears, camshafts, and_pis- 
ton pins, particularly with carbon range 
of 0.12-0.20 percent. Steels 6120 and 
6125 respond readily to cyanide hard- 
ening and are used for gears, bolts. 
washers, small stampings, and forgings. 
These steels are also used in boiler 
construction, superheater tubes. pres- 
sure vessels, bolts, tubing for chemical 
industry, and for welding rods. 


Steels 6125 and 6130 are used where 
high strength and toughness are Ie- 
quired, as in automobile axles, steering 
arms, connecting rods, crankshafts, and 
for machine tool arbors, spindles, and 
shafting. 

Steels 6135 and 6140 are used in 
small bevel and spur gears, rocker arms. 
small tools, wrenches, and other semi 
hard parts; also for large forging: 
where elastic strength combined with 
toughness and fatigue resistance ale 
required, and internal stresses must be 


minimized. 
Steels 6145 and 6150 are used for 
highly stressed parts such as trall* 


mission gears and for springs. 
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“ fycar has many of the properties common to the butadiene rubbers, to which class it belongs. As is 
~_ tue for all the butadienes, its properties can be varied by changes in compounding and _ processing. 

Y alloy P , 

Vana. Ty co . a7 T ~ . 

ratures oIL AND SOLVENT RESISTANCE. specifically for heat resistance are out- ELONGATION. Elongation covers about 

used, This material is outstanding in its re- standing. Maximum temperatures de- the same range as that of natural rub- 

sistance to all products derived from pend upon conditions of exposure such ber compounds, as Table I shows. 

petroleum. vegetable oils, fats, paint as whether continuous or intermittent, 

and ink driers. Changes in volume on whether covered with oil or exposed to TEAR RESISTANCE. Tear resistance 
require immersion of a specific compound de- dry air or steam, and whether flexed, of the best compounds is somewhat 
atisfac. pends upon how it is compounded, the abraded or merely stationary. In a few inferior to that of the best compounds 

Welds conditions of immersion, and the na- limited applications the material can be of natural rubber. 

proper. ture of the oil used. Maximum swell considered for use up to 400 deg. F. 

eration for any all-Hycar stock in any petroleum Flame resistance is no better than nat- ABRASION RESISTANCE. Under nor- 

S oper. derivative will probably never exceed ural rubber. mal conditions abrasion resistance is 

€ com 10 percent. about 30 percent better than natural 

Casion- Shrinkage may be obtained with very COLD RESISTANCE. Stiffening occurs rubber. At high temperatures and in 

t used, soft stocks and is caused by removal at — 45 deg. F. Pliability is recovered the presence of oils, Hycar is consider- 

of the softeners. This can be offset by immediately when temperature rises. ably superior to natural rubber. 

er the combining with other materials. Hycar 

ses, is is quite resistant to benzol and carbon TENSILE STRENGTH. Ultimate ten- ELASTICITY OR REBOUND. Usual- 

nt re. tetrachloride, as shown by Table II, sile strength in excess of 4,000 lb. per ly referred to as “snap,” this property 

Metals but is badly swollen by acetone. It has sq. in. can be obtained by proper com- is generally low. No synthetic equals 

oup of a high resistance to water as compared pounding and vulcanization. Tensile natural rubber in these qualities. 

ils and with natural rubber and is used where strength tests of typical compounds are The capacity to recover from distor- 

rf Sei: resistance to dilute acids and alkalies shown in Table I. The results are ap- tion resulting from either tension or 

is important. proximately the same as similarly com- compression after an interval of time. 

pounded natural rubber stocks, except however, compares favorably with nat- 

HEAT RESISTANCE. Ordinary com- that pure gum compounds have low ural rubber compounds. This property 

pounds have excellent heat resistance. tensile strength and are of little com- is known as permanent set and is con- 

mem However, special compounds designed mercial use. sidered of more importance than re- 
drawn 

drawn 

nae Table I—Properties of Typical Vulcanized Compounds 
0 

drawn 

drawn Compound NUMBER 

nealed TEST ie 

l 2 3 | 5 6 
; Shore Durometer hardness 
Original, room temperature................ hyaindye Sve fee tonics Toes 76 59 68 71 30 91 
After 48 hours at —25 C. (—23 F.)............... pretties ante 96 87 88 96 39 97 
03.000 After 7 days in oxygen bomb.................. sisi 80 62 75 76 33 95 
71,500 : ; . 
33 Elongat ion, ultimate, percent 
10 | Original, room temperature.................... sins het Rtg 185 100 315 705 115 215 
13 3 After 4 days in oxygen bomb................ lant anata ent 120 345 345 705 340 220 
ee ree ere 140 155 125 130 305 
Modulus at 300 percent elongation, lb. per sq. in. 
Opigmmal, rooms Gomperatare...... 2 eens 1,830 1,320 2,040 770 200 

where After 4 days in oxygen bomb.......................00005. 2,220 1,400 2,000 830 210 
1. ah eee eee 2.300 1,900 ..... 2,080 

eering Tensile strength, ultimate, lb. per sq. in. 

's, and Original, room temperature.............. JisSetieic. BR 1 2.00) 26 380 §=2,600 

5. and After 4 days in oxygen bomb.......................... 05 d&g SOD 1,790 2.180 - 3,400 310 2,620 

Amtee 40 eave is ai Demi... .... «2... ee ces 2,300 2,000 2,500 3,210 910 

sed in Rebound elasticity (Schopper) 

- arms, Cwigmmel, woomn Gomnmeraiere... cc ccc sees 13 34 Zr 13 55 12 
onus a 14 34 27 13 55 12 
ms After 20 hours in air bomb... ......................-. 13 26 22 12 15 12 

rgings 

| with Compression set 

e are 10 percent constant deflection method, percent........ . 9.31 7.92 8.04 9.9 10.9 11.1 

ust be 100 lb. per sq. in. constant load, percent....................... 7.84 9.00 9.92 ae 9.8 5.1 

\brasion Resistance Index 

ad for Natural rubber = 1,000. 

trans: Bureau of Standards machine............... ee ee sole, kee 1.200 1,400 800 i ee 600 
Taal pak co «hae wraie bd mie cin ae dade 2,100 1,300 1,200 1,400 1,200 1,000 
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bound. Ability of Hycar to absorb en- 
ergy rapidly is also desirable in vibra- 
tion dampening service. Flex life is 
comparable in many instances to that 
of natural rubber. No broad statement 
can be made to cover this property. 


AGING. Compounds have much greater 
resistance to effects of oxidation than 
natural rubber. This quality is out- 
standing when stocks are operating in 
service which does not require constant 
elongation. Resistance to cracking while 


exposed to light or ozone under tension 
is superior to that of natural rubber. 


ADHESION TO METALS. Stocks can 
be bonded by vulcanization or cement 
to most ferrous and non-ferrous metals. 
Metals must be cleaned and suitably 
roughened by sand or shot blasting 
prior to application. 


COMPOUNDING AND PROCESSING. 
Like natural rubber, Hycar is com- 
pounded with other ingredients to im- 





part desired properties. It is procesge; 
and vulcanized like rubber and ean 4 
calendered, molded, — extruded and 
otherwise fabricated on the same ma- 
chinery as natural rubber. 


EBONITE. Hard Hycar has a tensik 
strength of about 10,000 pounds with 
elongations from 1 to 5 percent, These 
compounds have a softening point of 
approximately 300 deg. F. or about 19) 
deg. higher than natural rubber. Thes 
compounds can be machined readily. 


Table II—Oil and Solvent Resistance of Six Compounds 


























SS 
; Natural 

Compound NUMBER Rubber 

TEst Temperature = (Tread 

] 2 3 4 o* 6 Stock 

Immersion (48 hours) Percent Increase in Volume 

tee eS. pul Cann sob Aa ee KO Room 1.5 0 0 3.0 — 6.1 0 MW 
ESS Ore ae ere ere ee Room 27 105 86 §=102 115 76 906 
Carmon tetrachloride................... Room 37 26 23 aa 12 2 262 
CT ES ee eee Room 176 152 145 235 192 105 v 
Cracked gasoline (X-70)................ Room 1.5 eo 3 15 — 9.2 22 173 
Mithyl-erconol (95%)...............005. Room 9.3 3 3 7.6 —10 3 3 
re eats io Seas snc esas Cleon ewe Room 0 0 3 if 0.7 0.7 3 
Lubricating oil (S.A.E. 20)............. Room 0 0 0 0.7 — 6.1 0 30 
95% kerosene, 5% benzol.............. Room 0.7 0 0 15 — 4.5 0 153 
95% kerosene, 5% benzol.............. 212 F. 11.6 0 0 6.1 —17.4 6.1 183 
Light penetrating oil................... rl 9.2 0 0 5.3 —19.1 1.5 38] 





* Shrinkages are caused by extraction of softener. 


withstand solvents. 


his compound was 


designed for print rolls and is not. required to 


This type stock may be compounded with other materials to offset any extraction of softener, 





Table III—A Rough Guide in Applying Hycar 





A — Especially suitable; little or no swelling or softening. 
B — Suitable under some conditions, swelling or softening is moderate. 
C — Generally unsuitable; swells or softens. 





OS ee ee eee eer eee ee ene ee C DO ae \ 
USE Ge aS nr ee eer ae 7 eg ey cans ty de a baie oo a 3 A 
Alcohols chins Sie chile Saoeneeds hee Cie C 
RE Re a eee Cee Tee A ih i cet ena nwa Gk oa >s A 
A TL Acad Gt Saha alll An: shod TN acd ed A NS ahd wy fics bana hile ete win 6 eiaiee se A 
ee OO Lk a con AE ew id Ad ales Kinda C Nak Bieaig ae cris ih Mado els nk eNde xn A 
PE ee ee i aie ora ba hu ha ers eae nize eed \ 
oe ae kn ache a eiaah hu w 5 A i NG ra ee ake | A 
el B SR A a oi oy dot gisa eee ct «cee A 
rN a ha Ne ae 5 aid og arta hl sae C is oa dene sx ohare A 
Ra ic clad ce hla ka hohe KS A ir iis ean rw ns Web C 
a. 5c, sas ig pers eines ue dials Siw s B Roti hie diag a enn bra nk aiso'e wie. \ 
OS A Oils, mineral & vegetable.................. — 
UI Rd 5 a he a page nian alice. Ge C IE tn ons Se vie Kee dis hema See p. 317 
tile ig ie oe Eds aly ge ig a A x Ae ebd dln. ok bie a watescn:cdciisé a+ << cl 
eR gs eg oho. o alle OLN ck Uaaicacsis Soveces ¥a.8 B eR a ee a ss \ 
ES vss ces caesicdcekasebeaascn C i eee ais 6 oak OR na inn cide ate ns a A 
I oy se le ee gt le Lg A ir le a hg $a a el dae B 
I ag Sahl ails meas bi le wiowiniace \ Ns eg hid et eee oe \ 
I i C 2 cased ili ace Sa a ee ee B 





GENERAL PHYSICAL PROPERTIES 


Weight. Specific gravity of uncom- 
pounded Hycar is 1.0 as compared tc 
0.93 for natural rubber. 

Color. Black compounds give best 
physical properties because of carbon 
black reinforcement. Light colored 
stocks can be obtained but they do not 
have quite as good physical properties. 

Odor and Taste. Fair. Special com- 
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pounds are practically odorless and 
tasteless. 

Hardness. Compounds can be pro- 
duced with a Shore A durometer range 
from 10 to 100 (Ebonite). 

Coefficient of Expansion. 0.00043 to 
0.000095 per in. per deg. F. 

Electrical Properties. Compounds 
having high insulation properties and 
a volume resistivity at 86 deg. F. of 


1 x 10", as compared to 1 x 10" for nat- 
ural rubber, can be produced as wel 
as compounds with resistivity as low 0 
lower than 100 ohms centimeter cube. 
These are useful in applications involv: 
ing accumulation of static electricity. 


Bloom. Compounds are free from sul 
phur bloom. A slight bloom is caused 
on some compounds by anti-oxidant 0 
accelerator chemicals or parafhn. 
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A few years ago electrical-mechanical ceramic products could be classed in two groups: porous refractories 
tensi] used in electric heating devices, and porcelains with dense vitrified structures. Recent progress adds 
eNSile 

“— several new materials with improved mechanical and electrical properties. 
. €se 
bay PpoPERTIES OF CERAMICS are determined Rutile ceramics consist mainly of the the chief constituent, have extremely 
¥ 0 by the physical structure of the finished crystalline rutile (Ti0.), have high di- small thermal expansion. The structure 
Phy ceramic. in turn determined by the ma- electric constant, are exceptionally hard of these bodies, however, is not so 
— terials used in the compound and by (8 on Moh’s scale) and have good homogeneous and the power factor is 
fring methods. The table compares mechanical strength. The material is higher than for steatite or rutile bodies. 
properties of the more widely used homogeneous; abrasive wear maintains Outstanding properties are low thermal 
— ceramic materials. Greatest improve- a highly polished surface. Recent me- expansion, good heat shock. Since 
Natural ments have been in dense steatites, chanical applications utilize its hard- cordierite materials contain a consider- 
(Tren rutile compounds, cordierite bodies and, ness in place of synthetic jewels and in able proportion of clay, they are read- 
Stock most recently, porcelain. special alloys for such parts as thread ily workable. 
Steatites are now available in homo- guides. A new ceramic material is available 
guile geneous and crystalline structures con- The rutile bodies are mixed with a which is claimed to combine properties 
iW sisting principally of pure clinoenstatite small amount of plastic clay for work- of wet-process and dry-process porce- 

06 (Mg0.Si0.). Base of this material is ability. Since clay reduces the prop- lain. It can be molded into intricate 

969 . ° . ° ° = ° ° e 

- soapstone or tale, which is plastic and erties, it should be kept to a minimum. shapes. Dielectric strength of this ma- 

173 can be worked into intricate shapes. Hence rutile compounds can only be terial is about 280 volts per mil, equal 

3 Outstanding properties are high me- formed into relatively simple shapes. to that of the normal wet process por- 

. chanical strength, good electrical prop- Ceramic materials in which the min- celain. It has higher mechanical 

ha erties, and good dielectric strength. eral cordierite (2Mg0.2A1.0,.5Si0.) is strengths than normal porcelains. 

183 
ms... Properties of Ceramic Materials 
uired to 
: Dense Rutile Cordierite : Porcelain 
— ; Steatites Bodies Bodies Natural 

Materials (MgO.Si0.) (TiO») (2Mg0- Lava 
2A1,03.5Si02) Dry Process Wet Process 
Mechanical Properties 
Hardness, Moh’s scale........... 7.5 8 7 Sa eee | ee ee 
—* Tensile strength, lb./sq. in.......] 7,500-10,000 7,500 1,500-3 ,500 2 ,000-—2 ,500 1 ,000-—2 ,000 5, 000-8 , 000 

\ Compressive strength, lb./ sq. in. .]65 ,000—85 , 000 80 , 000 30, 000—40 ,000 |20,000—-30,000 |30,000-50,000 145 ,000—90, 000 

\ Modulus of rupture, lb./sq. in... .]18,000-22,000 20,000 1, 000-8 , 000 8, 000-9 , 000 6,000-8,000 |10,000-18,000 

ry Impact resistance, ft. lb./ sq. in. 

A Ee ice ait a ia a8 Xe 1.8-2.1 2.4 0.9 Dae ooh Sais dis akin ERO nites Wm Meanie 

A : : 

\ Electrical Properties 

4 Dielectric strength, volts/mil..... 210-240 Se iy athe ee ee 80-100 10-100 250 

4 Dielectric constant; 60 cycles..... Dee Bisse argent ak EE eee teowema EO eae ce Peal Bode ba aes lt are ee 5 

| bale einem 5.8-6.2 85 1.1-5.0 5.3-5.6 6.0-7.0 6.0-7.0 

4 i aa 5.76.0 85 1.0-5.0 5.3-5.5  |(1 to 1,000 ke.)|(1 to 1,000 ke.) 

ry Power factor, percent; 60 cycles. . ll EEE Toe ee ee See Ryne soe Cee 1.70-2.50 1.70-2.50 

\ Sl rar 0.02-0.20 0.08 0.40 0.30-1.00 0.80-1.00 0.80-1.00 
— MOU EG. oo oon ese aedue 0.01-0.18 0.06 0.30 0.25-0.90 0 .60-1.00 0 .60-1.00 
ep. 317 Loss factor, percent; 60 cycles. . . ie Se) CE, ee ERT: een 5 ee ee 10. 20-17 .50 10. 20-17 .50 

B rere ee 2 re 1 .64-2.00 1.68—-5 .30 1. 80-7. 00 1. 80-7 .00 

N ; a re sh | rr eee 1.20-1.50 1.37-4.77 3.60-7 . 00 3.60-7 .00 

\ Volume resistivity, ohms/cc. 

B at 25 deg. C. (77 deg. F.).... >10" >19" >10" >10” >10% >10% 
 - at 100 deg. C. (212 deg. F.). .| 2.1x10'— >10" 9. 8x10" 6.1x10"-4.0x10" 3.2x10" (at 75°C.) (at 75°C.) 
 s at 500 deg. C. (932 deg. F.). .]3.2x10°-3.5x10" 1.7x106 4.8x10®-2.0x107 | 1.7x10°-2.6x108 
—< at 900 deg. C. (1,652 deg. F.).| <10"—-2.5x107 <10+ 7.0x104-2.2x10* | 2.0x104-1.8x10° 

Thermal Properties 

for nat- Softening pomt, deg. F.......... 2,550-2 , 630 3,000 2 ,570-2 , 600 NE iia kos 0159 wwe ana nae ate 
os wl Heat resistance, deg. F.......... 1,830 1,830 2,280 v8 | ere eee ee 
. | ‘4 Coef. of expansion, per deg. C. 
} LOW (20-100 deg. C.)............ 7.8-10.4x10-* | 8.6-8.7x10-6 2.5-2.8x10* | 3.4-10.5x10-* | 3.0-6.0x10-6 3.0-6.0x10-6 
r cube. Thermal Conductivity 
involv al. per sec. per cm. per deg. C... WE Be So kieaiin ids wok 0.003 kf ne. re ae eee ere ae 
I 

icity. . e 
ea General Properties 
om sul- Specific gravity................. 2.6-2.7 4.0 2.1 2.3-2.8 2.3-2.5 2.3-2.5 
poten Weight, Ib./cu.in...............| 0.094-0.098 0.144 0.076 0.085-0.102 |......... hes Repay 
dant or Chemical OMIM 5 625 had Saibrs Resistant to all common acids and alkalies except hydrofluoric acid 
“te ' ater absorption, percent....... 1.00—0.00 0.05-0.00 8.0-1.0 2.5-1.0 1.0-0.5 0.00 
n. 
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CUPRO-NICKELS 


R. A. WILKINS and E. S. BUNN 


Revere Copper and Brass Incorporated 


THE COPPER-BASE ALLOYS of nickel, known as cupro-nickels, 
are commercially available in two types: one containing 
80 percent copper and 20 percent nickel, and the other 
70 percent copper and 30 percent nickel. 


Cupro-nickels assumed commercial importance about 1925 
following a demand for condenser tubes capable of resisting 
the erosive-corrosive attack of high velocity salt water used 
as the coolant in navy surface condensers. Since then 70-30 
cupro-nickel has proved superior to 80-20 alloy in condenser 
tube service. However, the 80-20 alloy continues to be used 
as condenser tube material for less severe service. 


Cupro-nickels are the most resistant of the copper-base 
alloys to failure by stress-corrosion and corrosion-fatigue. 
Otherwise the tensile properties of both alloys are similar to 


those of 70-30 brass. 


Both cupro-nickels have been used in strip form for the 
manufacture of ammunition component parts. Bolts, nuts, 
screws, and similar parts are manufactured by cold heading 
operations. Their use is expected to be extended as engi- 
neers become better acquainted with the possibilities inherent 
in these two alloys. 


Physical and general mechanical properties of the two 
cupro-nickels are given in the accompanying charts. 





CUPRO- NICKEL CONDENSER TUBING 
——} | —- tu Be -  t 


| _ |3% in. 0.D. x 0.049 in| : 
Extruded — reduced -—drawn “he 


110 4 
100 an an ian. S 


90|—— Tensile 1— NX 


: strength . 
80 PAS | ay anh : = 
70 | “Ni Hardness— 














T Ss 





———- 











50+ Apparent 1 | ) 7 
elastic limit 




















Tensile Strength and Apparent Elastic Limit, 1,000 Lb. per Sq. In. 
Rockwell Hardness Vie In. Ball, B 60 Kg. Load — Elongation, Percent in 2 In. 


4o}—L- — 
i 
20 
Elongation, Z| 
10 ++ a | oF Ss Se eee 
—_—_—— ae 
0 
CD 800 1,000 1,200 1,400 1,600 


Annealing Temperature, Deg. F. (1 Hr. at Temp.) 
Fig. 2—Effect of annealing on physical properties of tubing 


previously cold worked 70 percent from a grain size of 0.065 mm. 
(68.94% copper, 30.15% nickel, 0.26% iron, 0.60% manganese) 
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Fig. 1—This chart can be employed to determine the approxi- 
mate tensile strength and percentage elongation of 70-30 cupro 
nickel when only Rockwell hardness is known. It is accurate for 
all thicknesses between 0.020 and 0.080 in. within the given limits 
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Fig. 3—Effect of annealing on grain size of 70-30 cupro- nickel 


strip previously cold worked 6 B. & S. numbers hard ( (50% 
reduction) from two different grain sizes, 0.015 and 0.070 mm. 
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Fig. 8—Effect of cold work on tensile strength and apparent elas- 
tic limit of strip (68.94 percent copper, 29.61 percent nickel) 
previously annealed to grain sizes of 0.015 and 0.070 mm. 
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Fig. 10—Effect of cold work on yield strengths of strip previ- 
ously annealed to a grain size of 0.015 mm. 
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Fig. 9—Effect of cold work on Rockwell hardness and percent 
elongation of cupro-nickel strip previously annealed to two dij. 
ferent grain sizes, 0.015 and 0.070 mm. 
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Fig. 11—Effect of cold work on yield strengths of strip pre 
ously annealed to a grain size of 0.070 mm. 
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Fig. 12 -Effect of elevated temperature on tensile strength and 


percent elongation of rod previously cold drawn to 80 percent 
reduction of area from material having a grain size of 0.035 mm. 
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Fig. 14 Effect of cold work on hardness, elongation, and reduc- 


hon of area of rod previously annealed to a grain size of 
1.035 mm. 
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Fig. 13—Effect of cold work on tensile strength and apparent 
elastic limit of rod (68.56% copper, 30.48% nickel, 0.39% iron, 
0.57% manganese) previously annealed to a grain size of 0.035 
mm. 
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Fig. 15—Effect of cold work on yield strength of 70-30 cupro- 


nickel rod previously annealed to a grain size of 0.035 mm. is 
shown by three methods of test 
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Fig. 16—-Effect of annealing on tensile strength and apparent 
elastic limit of rod previously cold drawn to 50 percent reduc- 
tion of area from material having a grain size of 0.035 mm. 
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Fig. 18—Effect of annealing on hardness, elongation, and reduc- 


tion of area of rod previously cold drawn to 50 percent reduc- 
tion of area from material having a grain size of 0.035 mm. 
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Fig. 17—-Effect of annealing on grain size of 70-30 cupro-nickel 
rod previously cold drawn to 50 percent reduction of area from 
material having a grain size of 0.035 mm. 
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Fig. 19—Effect of annealing on yield strength of 70-30 cup’ 
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nickel rod previously cold drawn to 50 percent reduction of m* 
from material having a grain size of 0.035 mm. 
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Question and Comment 





Salvage of Aluminum and Magnesium Castings 


Aluminum or magnesium castings are 
often used for parts in which pressure 
tightness is a prime requisite. The fail- 
ure of an occasional casting to test pres- 
sure tight should not be cause for re- 
jection in most cases if leakage is the 
result of a very minor unsoundness or 
shrinkage. Frequently the casting can 
be salvaged by surface peening, or by 
impregnation with a sealing material. 
Of course, the sealing process can be 
used only where the leakage is slight, 
and it is not intended to be a substitute 
for good foundry practice. 


Leak Testing 


The best leak test is one which ex- 
actly duplicates the service conditions. 
This is often impractical, and a few 
simple test methods which have been 
devised will indicate pressure tightness 
under a wide variety of circumstances. 
Selection of one test in preference to 
another will depend on the service re- 
quirements as well as the size and shape 
of the casting. 

A test commonly used involves the 
application of compressed air into the 
casting after all openings have been 
covered or plugged. The casting is then 
covered with a film of soapy water or 
immersed in water. Usual air pressures 
used for testing range from 10 to 40 
lb. per sq.in. since experience has shown 
low pressures to be generally as effec- 
tive as higher pressure. 

The most critical test consists of pour- 

ing or spraying a film of warm (120 
deg. F) soap solution on the casting 
after it has been heated to between 130 
and 150 deg. F. (by immersion in hot 
water). When air pressure is applied, 
leaks become apparent as bubbles show 
on the casting surface. Sensitivity of 
the soap solution is decreased if cast- 
igs are at room temperature when 
tested. Very fine leaks can be detected 
when the casting is heated but may not 
show up if the casting is cold. 
The immersion method. satisfactory 
mM many. cases, is less sensitive than the 
soap solution method because of the dif- 
fculty in observing the escape of air 
bubbles through water. 

Before peening or sealing treatments 
are initiated, every effort should be 
made to eliminate leakage by improve- 
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ments in foundry practice. If, however, 
due to unusual characteristics of a cast- 
ing, minor leaks do remain, salvage 
treatments are often effective. Some 
very fine leaks can be closed perma- 
nently by peening the surface metal 
toward the leak with a blunt tool in a 
short stroke air hammer. Blows of the 
tool should be from the circumference 
of a small circle around the leak, toward 
the center, and not directly at the point 
of leakage. It should be remembered, 
however, that subsequent sand blasting, 
polishing or machining may reopen a 
leak sealed in this way. 


Eliminating Severe Leakage 


Leaks slightly more severe may be 
sealed with liquids which will set dur- 
ing air drying or baking. There are 
several impregnating materials in use 
at the present time, the commonest of 
which is sodium silicate solution. Other 
important ones are double-boiled lin- 
seed oil and the synthetic resin var- 
nishes of the glycerol phthalate or 
phenol formaldehyde type. 

A careful selection of the sodium sili- 
cate must be made when this material 
is used since certain grades contain 
harmful alkalies. A ready-mixed solu- 
tion of the following composition, hav- 
ing a SiO, to Na.O ratio of approxi- 
mately 3.5 to 1 is recommended. 


Silica (SiOz) 27.0-29.0% 
Sodium Oxide (NasO) 8.0- 9.0 
(Fe20s) 
(CaO) 
Impurities (MgO) 2.0 Max. 
(SOs) 
(NaCl) 
Water (H:0O) Balance 


(Baume Gravity at 65° F. — 39 - 41°) 
Note: For the treatment of castings 
with fine porosity it is necessary to 
dilute with water to 30° Baume (at 
65° F.) for best results. 


With large, hollow castings the im- 
pregnating operation is usually per- 
formed by pouring the sealing material 
into the heated casting. Prior to this, 
the smaller core openings in the casting 
should be closed by means of expanding 
rubber plugs and the larger openings by 
rubber-faced tovers held in place with 
C clamps of suitable size. One opening, 


‘ 


or a group of small openings. should be 
left for the introduction of the impreg- 
nating material and the attachment of 
an air line through which pressure can 
be applied. 

The casting should be heated to ap- 


proximately 200 deg. F. An open-end 
steam line directed on the casting is a 
simple way of doing this, and blanket- 
ing the casting with several thicknesses 
of canvas will help to hold the tempera- 
ture. The impregnating material should 
be introduced slowly into the hot cast- 
ing to release entrapped air. 

After the casting is filled, the air line 
should be attached and pressure ap- 
plied for a sufficient length of time to in- 
sure penetration of the sealing material 
into the pores of the casting. An air 
pressure of 60 lb. per sq.in. is usually 
adequate, but both the pressure and 
length of time to apply it should be 
determined experimentally for each 
type of casting. 

In place of this treatment, and where 
smaller size permits, castings can be 
immersed in the impregnating solution 
at 150 to 200 deg. F. for a period of 
four or more hours. At the end of this 
time they should be removed, washed in 
water (in the case of castings impreg- 
nated with sodium silicate) and air 
dried or baked. 

It is not always economical to treat 
small castings individually by the in- 
ternal pressure method. Also, many 
castings have no hollow cavity. In the 
batch pressure method a number of 
such castings can be immersed in the 
sealing solution. Pressure is then ap- 
plied to the surface of the solution. 
The tank in which batch pressure seal- 
ing is performed may be heated by a 
steam coil, and the cover sealed on after 
being locked in place by a self-closing 
rubber gasket. An air line to supply 
the necessary pressure leads into the 
tank below the level of the solution. The 
usual run of foundry castings may be 
satisfactorily impregnated over a six- 
hour run at 50 lb. pressure. 


Draining and Baking 


After the impregnating process, the 
solution should be drained out thor- 
oughly so that only a uniform coating 
remains on the surfaces of the casting 
and none is trapped in recesses. A coat- 
ing that is too heavy, or pools of the 
solution remaining inside, will not dry 
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thoroughly and will remain, instead, 
as an undesirable, gummy mass. Cast- 
ings can be drained on a suitable rack. 

During the baking process, the cast- 
ings should be packed in a position 
which will allow any impregnating so- 
lution softened by the heat to drain 
out. If one side of the casting shows 
more tendency to leak than another, 
that side should be placed downward to 
allow longer soaking in the solution. 

Any suitably controlled oven is satis- 
factory for baking. Temperature and 
time limits for baking depend on the 
size of the casting and the type of im- 
pregnating material used. They should 
be gauged so as to produce a thor- 
oughly baked coating without carbon- 
izing. Synthetic resin varnishes require 
lower temperatures than linseed oil—a 
fact that must be kept in mind to avoid 
destruction of the film by too high a 
temperature. Manufacturers of syn- 
thetic resin varnishes usually specify 
the temperature to be used with their 
products. 

The following baking temperatures 
have been used successfully: 


Sodium silicate solution 

1 hr. at 215-350 deg. F. 
Double boiled linseed oil 

3 to 5 hr. at 500-550 deg. F. 

or 20 hr. at 440 deg. F. 
Glycerol phthalate resin varnishes 
and phenol formaldehyde resin 
varnishes 

1 to 2 hr. at 275-320 deg. F. 


When used with heat-treated alloys, 
some minor changes may be necessary 
or desirable in order to incorporate 
these impregnating treatments with 
standard heat-treating practice. Such 
changes should be considered for each 
particular case. 


[Editor’s Note: For further information 
on this subject see article “Salvage 
Specifications” on page 78 in the Feb. 
issue of Product Engineering. | 


Wants Data On 
Rate of Flow 


To the Editor: 


In the design of a gas mixing valve 
for internal combustion engines, large 
clearances are desirable for manufac- 
turing reasons and to insure freedom for 
sensitive governing. Gas leakage at low 
throttle, up to some point, will have a 
desirable enriching effect but beyond 
that point will reduce power and waste 
gas. 

I can find plenty of data on flow of 
gases through long pipes, or the Simp- 
lon tunnel, but nothing on leakage 
through a 0.001 in. crack 4 in. in depth. 
I do not feel that it is safe to apply 
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nozzle formula to this quite different 
order of flow. 

Do you know of any experimental 
data on this matter of rate of flow 
through capillary passages? If not, it 
would seem a good subject for an 
article. 

A short taper plug centered in a long 
B & S taper reamed hole and adjustable 
axially would do the trick and give a 
fair range of sizes while different depths 
of crack could be had by cutting off the 
plug. The slight difference in area be- 
tween the large and small ends of the 
plug would offer a chance to work in 
some fancy math. —F. D. Howe 

Columbiana, Ohio 


[ Editor’s Note: We have no such infor- 
mation on hand and would like to see 
something on the subject. | 






or through its Regional Offices in many 7 
cities in each state. 

In its foreword the boeklet says, 
“Because of the unusually large ny, | 
ber of persons who go to Washington, 
the personnel of the Contract Distrihy. 
tion Office there is taxed beyond jt 
facilities. Officials of small industries 
are, therefore, requested to contact the 
Regional Office nearest the location of E 
their plant. The directors and_persop. me 


nel of these offices are as well versed By ! 
in giving information as to how cop. 

. TECH) 
tracts can be obtained as the main ome 
office in Washington. It is the purpose [BP *' 


of the Contract Distribution Branch to = 
harness the full productive power of 0 
American Industry in this titanic War men 


ials 

Armament Program. Every manufac. ri " 
turer, large and small, can serve his = 

Rael -: and st 

country and himself by making full llovs 

alloys 


use of this service.” 


A list of Regional Offices and ad. condu 


Don’t Go to Washington dresses, names of officers and telephone a 
: numbers are included. alloy: 
To the Editor: Further information tells how in. a 
An illustrated booklet titled, “How dustry can secure loans for equipment ; 
Small Industries Can Go After War to make war armament, how small com- eo 
Work,” has been published by this panies can form pools to obtain con. : 
association to show small companies tracts and other useful data. pt 
how to go after contracts or sub-con- A copy can be obtained without ow 
tracts through the Contract Distribu- charge by writing to this association, pias 
tion Branch, Production Division, War —Corprper & Brass RESEARCH Assy, ducti: 
Production Board, Washington, D. C., New York, N.Y, atiie 
table 
Can You Work This One? ~ 
H. E. SMITH a st 
chase 
Solution to May problem— many pennies as represent their names speci 
(that is, he must give four to ‘Number To 
Profit and Loss Four’ and two to ‘Number Two’.) He quick 
Since the gain on one horse was $300, wena — tira play =a Z. 
much as i 
yes —_ = ean — it; and he must then hand it on just as and | 
i oe” te ek te he ek ned 
the loss on the transaction was $200. A m ; : 3 
loss of 15% (x 2000 = 300) would who sits next but one on his left—who pn 
Gite sis sn ain teek ; will, of course, be ‘Number Five’. He whet 
: must proceed in the same way, and hand been 
. > it on to ‘Number Two’, from whom the 
at SN SE sack will find its way to ‘Number Four, Me 
9 and so on to me again. If any player 
Beggars Game cannot furnish, from his own heap, the Fo 
After a busy day, five beggars sat whole of what he has to put into the Tick 
down in a circle, each with his heap of sack, he is at liberty to draw upon any long 
pennies before him. All five heaps were of the other heaps, except my heap”! elec 
equal. The other beggars entered into the poss 
Then spoke the eldest and wisest game with much enthusiasm, and in due by D 
beggar, unfolding, as he spoke, an course, the sack returned to ‘Number of t 
empty sack, “My friends, let me teach One’. He put into it the two pennies he orat 
you a pretty little game! First, I name had received during the game and care lark 
myself ‘Number One’, my left-hand fully tied up the mouth of it with 4 the 
neighbor ‘Number Two’, and so on to string. Then, remarking, “It is a very usu: 
‘Number Five’. I then pour into this pretty little game,” he rose to his feet tube 
sack the whole of my earnings for the and hastily quitted the spot. The other T 
day and hand it to him who sits next four beggars gazed at each other with met 
but one on my left, that is ‘Number rueful countenances. Not one of them eler 
Three’. His part in the game is to take had a penny left. cha 
out of it and give to his neighbors as How much had each at first? and 
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Emergency Specifications 


By A.S.T.M. Committees 


TECHNICAL COMMITTEES of the American 
Society for Testing Materials which have 
developed a number of changes and new 
specifications to expedite the procure- 
ment and conservation of strategic ma- 
terials during the emergency period are: 
A-l on steel, A-5 on corrosion of iron 
and steel, A-10 on iron-chromium-nickel 
alloys, B-1 on copper wires for electrical 
conductors, B-2 on non-ferrous metals 
and alloys, B-5 on copper and copper 
alloys, B-6 on die-cast metals and al- 
loys, D-1 on paint, varnish and lacquer, 
D-ll on rubber products, and D-12 on 
soaps and other detergents. 

Five complete emergency standards 
recently issued by the Society cover lead 
coated and lead-alloy coated copper 
wire for electrical purposes, hot-dip lead 
coating on hardware, method for con- 
ducting salt spray tests on organic pro- 
tective coatings, hardness conversion 
table for cartridge brass, and carbon- 
chromium ball and roller bearing steels. 
Emergency provisions provided in over 
42 standards can be used by the pur- 
chaser as a guide to alternates for 
specific applications or uses. 

To place emergency actions in effect 
quickly, A.S.T.M. procedure calls for 
approval in subcommittee, endorsement 
of main standing committee chairman, 
and approval by the Committee E-10 on 
standards. The latter consists of six out- 
standing authorities who must decide 
whether a substantial consensus has 
been reached. 


Method Discovered 


For Iron-Glass Seal 


TiGHT SEALS between iron and glass, 
long a problem in the manufacture of 
electric lamps and radio tubes, are now 
possible through a method discovered 
by Drs. Albert W. Hull and Louis Navias 
of the General Electric Research Lab- 
oratory. An important result, particu- 
larly at this time, is the elimination of 
the need for nickel and cobalt in wires 
usually required for high power vacuum 
tubes, 

The difficulty has been in finding a 
metal-glass combination in which both 
elements have the same heat expansion 
characteristics. Platinum was first used, 
and various substitutes were devised, 
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but although they were satisfactory for 
light bulb seals, they were not suitable 
for adaptation to large seals of powerful 
vacuum tubes. 

Among a series of glasses having a 
rate of expansion very close to that of 
iron, is one recently developed of the 
following composition: 45 percent sili- 
con dioxide, 14 percent potassium oxide, 
6.0 percent sodium oxide, 30 percent 
lead oxide, and 5.0 percent calcium 
fluoride. 

Another invention of Dr. Navias is an 
air tight seal for a joint between lead 
bearing glass and iron wire. When such 
a joint is sealed, lead atoms migrate 


from the glass to the metal, causing a 
weak joint which may let in air. In the 
new procedure, lead-free glass is placed 
directly over the metal, and the lead- 
containing glass sealed directly to the 
first glass layer. The latter prevents mi- 
gration of lead atoms and is thin enough 
not to crack and let in air. 


Copper-Silver Alloys 


ADVANTAGES in adding a smal] percent- 
age of silver to copper are reported by 
the American Silver Producers’ Re- 
search Project. Silver is said to be es- 









@ne of two boards on the wall of 
the engineering department of Dayton 
Pump & Manufacturing Company to 
systematize substitutions of materials on 
water pumps and to eliminate confu- 
sion, Not all of these changes have been 
made in production, however, since sub- 
stitution was studied with preparedness 
in mind. Factors considered in making 
substitutions in pumps are: (1) func- 








w-4i67 
105 SPOING Wik 
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tional interchangeability, based on 
strength and resistance to wear and 
corrosion; (2) service interchange- 
ability; (3) customer reaction from 
service standpoint; (4) adaptation to 
current production methods. Second 
factor is the most difficult because ma- 
terial changes often necessitate design 
changes, and such changes should not 
prevent parts replacement in service. 
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pecially useful in copper which is to be 
soldered, for example, commutator bars, 
as the alloy formed is not unduly soft- 
ened by the heat applied. 

The report says further that frac- 
tional percentages of silver in photo en- 
gravers’ plates prevent the softening of 
cold-rolled copper during processing at 
elevated temperatures. Coppersmiths 
are reported to favor a copper welding 
rod containing about 1.0 percent silver 
and a trace of deoxidizer. Some copper 
alloys designed for high electrical con- 
ductivity may contain 1.0 percent silver, 
over 95 percent copper, and hardening 
elements such as beryllium, cobalt, cad- 
mium or tin. In brazing alloys, up to 85 
percent copper, silver in amounts of 10 
percent or more is commonly used. Prin- 
cipal advantages in the use of silver in 
such alloys is increased fluidity, good 
penetration into small clearances, and 
low melting point. 


Plating Zinc on Steel 
From Waste Materials 


UsING WASTE instead of new metals, a 
new process will interest manufacturers 
of wire, strip and other metal products. 
It is the Hubbell-Weisberg Process of 
electroplating steel with zinc. Its ad- 
vantage is said to lie in its ability to 
use cheap sources of zinc instead of 
zinc anodes. Zinc is dissolved from gal- 
vanizer’s skimmings, brass foundry 
fume, organic reduction residue or ore 
by a solution of ammonium chloride 
and ammonia. Insoluble graphite anodes 
are used in the plating tank. Plating 
reduces the zinc content of the plating 
solution which is then returned to the 
leaching plant where the zinc removed 
by plating is replaced. 

The process produces zinc coated 
wire or strip which, it is claimed, is 
equal to that produced by other zinc 
plating methods. Steel handling, pic- 
kling and cleaning are the same as for 
other processes. The plating tank has 
been specially designed to take advan- 
tage of the fact that anodes seldom have 
to be changed. It provides covers which 
prevent the escape of ammonia fumes, 
and at the same time allows easy re- 
placement of wires or strips. The out- 
standing value of the process is said 
to lie in the savings resulting from the 
low cost of the zinc going into the plat- 
ing operation. These savings increase 
as the amount of zinc used increases 
because a special plant has to be pro- 
vided to put into solution zinc in skim- 
mings or other products, and the operat- 
ing costs of this plant must be added to 
the purchase price of zinc bearing 
scrap to obtain the actual cost of the 
zinc used in the plating tank. The 
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Meetings 


American Society for Testing Ma- 
terials—Annual Meeting, Chalfonte- 
Haddon Hall, Atlantic City, N. J., 
June 22-26. 


American Society of Mechanical 
Engineers — Semi-annual Meeting, 
Hotel Statler, Cleveland, Ohio, June 
8-11. 


American Institute of Electrical En- 
gineers—Summer Convention, Drake 


Hotel, Chicago, Ill., June 22-28. 











process becomes economical when 
about 114 to 2% tons of zinc are re- 
quired every twenty-four hours, depend- 
ing upon the cost of zinc materials 
available. As the daily consumption of 
zinc increases above this minimum, the 
savings become increasingly impres- 
sive. 

Savings possible by the use of the 
Hubbell-Weisberg Process have been 
estimated at as much as 3% cents per 
lb. of zinc deposited, as compared with 
furnishing zinc in the form of high 
grade anodes at 814 cents per pound. 


High-Grade Chromium 


From Chromite Ore 


A process for the conversion of chro- 
mite concentrates into a higher grade 
of material which may be used to pro- 
duce either high-purity chromium or 
standard ferrochromium for the manu- 
facturer of alloy steels has been an- 
nounced by Dr. R. R. Sayers of the 
Bureau of Mines. It is expected that the 
new method, a roasting and leaching 
process, will help satisfy urgent wartime 
demands for chromium, making us less 
dependent on foreign sources. The ratio 
of chromium to iron in the ore can be 
raised from about 1.7 to 1 up to as high 
as 30 or 40 to 1 by this process. 
According to the Bureau of Mines 
and the Geological Survey, deposits of 
low-grade Chromite ore in Montana, 
alone estimated at 214 million tons, are 
believed to contain enough chromium to 
yield 900,000 tons of chromite (concen- 
trates containing 45 percent or more 
chromic oxide) of a grade suitable for 
making ferrochromium. This is equiva- 
lent to 444 times the chromite from do- 
mestic mines in the past 28 years. 


Strensth of Plastic 
Threads 
In A REPORT from the Plastics Institute 


Research Project X-129, A. Champagne 
and E. Lofgren announced results of 





tests on strength of threaded sections jy 


plastic materials. 


Plastics tested were 6-in. rods of 


Voin, 


diameter acrylic and cast phenolic ang 
a 5x8x¥% in. block of laminated cany, 
phenolic. Equipment used were tap and 
die sets N.C. % in., 13 threads per jp. 
96 F. % in., 20 threads per in.; and a 
Tinius Olsen testing machine. 

After threads had been formed jn the 
rods, they were mounted in the jaws of 
the testing machine. Tension was ap. 
plied with the aid of a steel hex ny 
The block of laminated canvas plastic 
having been drilled and tapped, a 6.in, 
machine bolt was inserted and tension 
applied to the threads. 

Results of the tests are as follows: 


Failing 
load 
in lb. 


Plastic 
Material 


Thread Detail 





Cast 620 
phenolic 145 
550 

1,120 





Ave. 682 
Acrylic 585 
670 
450 
57 


Ave. 569 


Acrylic 550 
360 

250 

300 

Ave. 365 
3,810 
5,600 


5,180 
6,260 


Laminate 
phenolic 


Ave. 5,287 
1,260 
3,520 
1,820 
3,820 


Ave. 3,805 


Laminate 
phenolic 











14 in., 20 threads 
per in. 
Test length—%; jp, 


14 in, 20 threads 
per in. 
Test length—%; in, 


14 in., 13. threads 
per in. 
Test length—%¢ in. 


14 in., 20 threads 
per in. 
Test length— in. 


14 in., 13 threads 
per in. 
Test length— in. 


Do You Know That— 


Brazinc is now being done with high 
frequency heating equipment. Advat 
tages: localized heating, no controlled 
atmosphere necessary, minimum distor 
tion, clean joints, close quality cor 


trol. 


(8) 


Cups from the production of 75 aad 
105 mm. high explosive shells at # 
General Motors plant weigh some # 
tons a day. They are removed by # 


underfloor conveyor. 


(9) 


A new normally transparent glass b 
comes opaque when viewed at a 45 deg 
angle. It has possibilities as a meals 
of protection of plants from night 


bombers. 


(10) 
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ENGINEERING IN WASHINGTON 


McGRAW-HILL WASHINGTON BUREAU, PAUL WOOTON, CHIEF 








Combat airplane development is 
going ahead faster than ever, even with 
the industry burdened with concentra- 
tim on mass production of existing 
types. The industry now has 20 new 
types of planes in development. The 
problem of making equipment for air 
war is a complete paradox: you can’t 
beat the enemy unless you freeze design 
jong enough to build more planes than 
he has, and you can’t beat him unless 
you keep ahead of him in the design of 
better planes. 


40,000 tons of silver, over four- 
fifths of the Treasury’s uncoined supply 
of the metal, will be used as a substi- 
tute for tin in solder and for copper in 
bus bars used to conduct heavy loads of 
electrical power. The Treasury is draft- 
ing legislation to make newly mined 
domestic silver available for industrial 
users, at the world market price of about 


35 cents. Stainless steel, nickel and tin 
are saved by substituting silver plated 
cutlery for the Army. Formerly a base 
coating of nickel and copper was 
deemed necessary under silver plating. 
New developments make it possible to 
apply the silver directly to the base 
metal with only a slight increase in the 
amount of silver. 


Germany is reported working on 
bombers with pressurized cabins. This 
might well be so, because the battle for 
altitude is getting hotter. All the oxygen 
systems in use are a serious handicap to 
the crews. Bombing planes can already 
go so high that AA guns are ineffective, 
and if they can get higher than the 
enemy can fly they can bomb with im- 
punity. Incidentally, all Japanese planes 
are so weak on altitude that when the 
United Nations get there in force, the 
Nippons will be in serious trouble. 





At the site of Shasta Dam seven 
cableways radiate from this 460 ft. head 
tower to movable tail towers, three of 
which are seen in the distance. On these 
cableways, 8 yd. buckets of concrete 
are carried to desired locations. Tail 
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towers are moved on tracks. Cement 
aggregates are carried on a 10-mile con- 
veyor belt system to the cement mixing 
plant at the right of the head tower. Tail 
towers and conveyor system are powered 
by Westinghouse gearmotors. 





Germany also appears to be working 
up a light-tank-carrying plane with the 
rear, section of the fusilage swinging 
around on hinges to form an open-end 
hatchway. 


The Sea Otter has come up to be shot 
at again. Because merchant ship con- 
struction is seriously behind the need 
for bottoms to carry the increasing 
deluge of war supplies abroad, Navy has 
turned over the 300 ft. cargo vessel to 
another manufacturer for redesign. You 
may recall] that the original was pro- 
pelled by 12 or 16 automobile engines, 
geared to a vertical shaft that extended 
vertically down through the bottom to 
a propeller amidship. Presumably the 
intention of the designers was to save 
the steel and forge work on a conven- 
tion long shaft to the stern. One of the 
main troubles was that the mid-ship pro- 
peller increased the draft of the Otter, 
which was supposed to be a shallow- 
draft boat. Intended changes are not 
announced, but opinion is that the pro- 
peller will go on the stern. Reports are 
the gasoline auto engines will be used 
for dry cargo, diesel for oil and inflam- 
mable goods. 


Hot machine guns will be handled 
by soldiers with asbestos mittens re-de- 
signed to save about 300,000 pounds of 
asbestos cloth this year. A new type of 
heat-resistant interlining has been sub- 
stituted for asbestos. 


A new process to produce chro- 
mium, developed by the U.S. Bureau 
of Mines, may prevent shortages of chro- 
mium in the war industries. Beach 
sands from Coos County, Ore., and 
chromite ore deposits near Columbus, 
Mont., have been combined to produce 
the metal, according to Dr. R. S. Dean, 
Chief Engineer of the Bureau’s Metal- 
lurgical Division. The new chemical 
process supplements present methods of 
concentrating ore and sands and is ex- 
pected to improve the quality of domes- 
tic chromium. 


About 20.000 pilot’s charts 
printed by the Navy Hydrographic 
Office will be rolled up in small water- 
tight metal tubes and stowed in life- 
boats of Allied ships. Navy reports that 
anyone cast adrift in an open boat can 
figure his course from the charts if he 
knows his approximate position. 


359 





New Materials and Pa 


Vacuum Tube Voltmeter 


With a wide voltage range and large 
over-voltage capacity, the Model 400A 
vacuum tube voltmeter is said to be 
suited for audio frequencies from 10 
cycles to 20 ke. per sec. Application is 
suggested in carrier current work, 
super-sonics, television, and in broad- 
casting in general. The scale is cali- 
brated in volts and decibels. Hewlett- 
Packard Co., 454 Page Mill Road, Palo 
Alto, Calif. 


Laminated Insulation 


Produced in the form of laminated 
insulating sheets, tubes and rods. Parts 
machined from these forms are said to 
show ten times the arc resistance form- 
erly available in laminated insulating 
materials. They are provided in all the 
usual laminated grades—paper base, 
canvas base, muslin base, and fibre 
glass base. Formica Insulation Co.. 
Cincinnati, Ohio. 


Plug-In Type Duct 


Accessibility and_ flexibility are 
claimed for this “Saflex” plug-in duct. 
Available in capacities of 250, 375, 500, 
750 and 1,000 amp. in 2 and 3-wire 
single phase, 3 phase, and 4 wire serv- 
ice. It utilizes round tubular buses for 


250, 375 and 750 amp. capacity and 
solid, round bus bar for 500 and 1.000 
amp. Bus bars are contained in a steel 
housing produced in standard 10-ft. 
lengths. Six openings on each side of 
a 10-ft. length will accommodate 12 
plug-in units. Square D Co., 6050 
Rivard St., Detroit, Mich. 


Magnetic Relay-Contactor 


For use as a relaying unit or motor 
starter. The magnetic relay-contactor 
comes in three contact arrangements— 
single-pole normally open, double-pole 
normally open, and double-pole, double- 
throw. The CR 2790 can be supplied 
either open or inclosed in a general 
purpose housing. On the inclosed type. 
wiring and servicing are simplified 
through use of a U-shaped cover, allow- 
ing access to the front connected termi- 


nals from three directions. When the 
double-pole form is used with a momen- 
tary contact, push-button station, under 
voltage protection can be provided by 
using one pole as a holding interlock 
in the coil circuit. As a relay, the unit 
is rated at ten amp. As a motor starter, 
the normally open tips are rated 1% hp.., 
110 volts a.c., and 1 hp., 220 volts a.c. 
Case measures 3 x 234 x 615 in. General 
Electric Co., Schenectady, N. Y. 


Vertically Mounted 
Rotary Pump 


With capacity of 150 g.p.m. at pres- 
sure of 100 lb. per sq. in., this pump 
works on a “bucket” or swinging vane 
principle, handling a wide range of 
liquids with viscosities ranging from 
that of tar to naphtha. Self-adjusting for 
wear, the pump is claimed to have no 


loss of volumetric efficiency during the 
life of the buckets. When the latter ar 
worn out, the unit may be restored to 
original efficiency by replacing old buck- 
ets with new. The same type of pump 
and mounting is also furnished in ce 
pacities from 5 to 700 g.p.m. at pres 
sures up to 300 Ib. per sq. in. for ma 
rine and heavier industrial applications. 
With the small space needed for mount. 
ing, the pump is intended for applica 
tions where floor space is at a minimum. 
Blackmer Pump Co., Grand Rapids, 
Mich. 


Metal Finish 


When applied on polished metals, ¢ 
colored transparent finish makes them 
resemble copper, brass, bronze, color 
treated aluminum and steel, or other 
metals. Known as “Plate lustre,” tht 
finish consists of a concentrated ename 
of the desired color added to a clea 
lacquer. Applied by spraying or roller 
coating, it can be furnished for either 
air drying or baking. Flat stock fi 
ished with certain grades can be formed 
after baking. Two-color finishes can be 
obtained by “relieving” operation, am 
colors are said to be fast to light 2 
indoor service. Maas & Waldstein &. 
Newark, N. J. 
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Relays for Aircraft 


Three types of lightweight compact 
“yelays. (1) Single-pole relay comes in 
two forms. a single-circuit with one nor- 
mally open contact, and a two-circuit 
‘with one normally open and one nor- 
mally closed contact. Maximum con- 
tinuous current rating is 20 amp. at 12 
or 24 volts. Maximum make or break 
rating is 100 amp. at 12 or 24 
ylts. (2) High-voltage relay for 
aircraft radio transmitters, illustrated. 
Contacts arranged for double-pole, 
double-throw, double-break operation, 
have maximum rating of 0.020 amp. at 
1,000 volts d.c., and 0.100 amp. at 500 
yolts d.c. (3) Two and three-pole relays 
in two forms, one has normally open 
circuit per pole and the other normally 
closed circuit per pole. Maximum con- 
tinuous current ratings are 8 amp. at 12 
or 24 volts.) Maximum make or break 
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at pres- ratings 26 amp. at 12 or 24 volts. For 

for me all types coils operate at 1.2 watts. All 

ications. are for use in an ambient temperature 

¢ mount: from —40 deg. to +95 deg. C. They 

applica: can be used at rated current at alti- 

nue. tudes to 40,000 ft. Mechanical frequen- 

Rapids. cies allowed are 5 to 55 cycles per sec. 
at 32 in. maximum amplitude. Contacts 
remain in correct position when sub- 
jected to linear accelerations of 10 times 

ies gravity in any direction. General Elec- 

me 3 tric Co., Schenectady, N. Y. 

p, color 

or = Protective Coating 

re,” the 

| enamel “Chempruf,” a coating claimed to be 

a cleat resistant to all acids and all alkalies in 

or roller any concentrations and at any working 

yr either temperatures, comes in two types, “A” 

rock fin: and “B.” The former is a brush-on 

» formed heavy liquid that can be applied by any 

5 can be workman; the latter is a plastic applied 

ion, and only by the manufacturer’s representa- 

light in tive in their plant or on location. Soft- 

ein Co. ening point for the material is 300 deg. 
F.; melting point, 510 deg. F. Where 
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mechanical abuse is not a consideration, 
four coats of Chempruf A is sufficient. 
Chempruf B may be of any thickness 
from 4 in. Manufacturers state that 
this coating is not to be used with min- 
eral solvents. Protective Coatings, Inc., 


10391 Northlawn, Detroit, Mich. 


Chemical Black 
for Copper 


Suitable for blackening copper, bery]l- 
lium copper, bronze, phosphor bronze 
and brasses with zinc content of 35 
percent or less. Called Ebonol “C,” it 
is a blackening salt effective at tem- 
peratures from 200 to 212 deg. F. in 
from 2 to 10 min., depending upon the 
alloy used. Claims are that the coating, 
essentially cupric oxide, cannot chip or 
flake, is hard enough to be buffed, and 
does not require lacquering to prevent 
wear. A part so finished is said to 
withstand temperatures as high as 700 
deg. F. without harm. Non-copper al- 
loys which can be copper plated can 
thus be blackened by treating the plat- 
ing. The Enthone Co., 442 Elm St., 
New Haven, Conn. 


Cable Terminal 
Connections 


Covering a wide range of conductor 
sizes, a new terminal connector “Qik- 
lug,” comes in eleven sizes from No. 14 
solid to 2,000,000 cir. mils. As many 
as twelve different sizes of cable can be 
accommodated by some sizes. All but 
the very small connectors are provided 
with serrations on cable clamping ele- 
ments. Burndy Engineering Co.. Inc.., 


107 Eastern Blvd., New York, N. Y. 





Angle Drive 


Mitre gear drive with a 1 to 1 ratio 
for changing the direction of any shaft 
through an angle of 90 deg. Driving or 
driven shaft may be set to work in either 
horizontal or vertical position. Com- 
pletely oil tight in any position, it may 
be used with universal joint to obtain 





practically any angle of drive. Series 
ADS transmits 5 hp. at 600 r.p.m., and 
Series ADH 5 hp. at 1,200 r.p.m. Pro- 
jecting shafts of 14% in. dia. may be 


made in any length. Bearings are of 
bronze, lubricated with Alemite fittings, 
on slow-speed units. Anti-friction ball 
or roller bearings are in the high-speed 
series. Weighing 50 lb., the unit meas- 
ures 644 x 7144 x 814 in. Payne Dean & 


Co., Peekskill, N. Y. 


Anti-Corrosive Wrapping 


High-strength, pliable and moisture- 
vapor proof paper is now produced in 
forms such as rolls, sheets, or bags, for 
the shipment of parts subject to corro- 
sion. Such wrappings not only seal 
against atmospheric conditions but also 
prevent grease, oil or wax from pene- 
trating through from the inside. Riegel 
Paper Corp., 342 Madison Ave., New 
York, N. Y. 


Adjustable V oltage 
Auto Transformers 


For the adjustable control of uninter- 
rupted voltage and of small amounts of 
power. Variable-voltage auto transform- 
ers in this series are light in weight and 
small in size. They are designed for 
panel and bench mounting but can be 
supplied without the inclosing cases. 
Instruments are said to have high effi- 
ciency and excellent regulation through- 
out the entire range from no load to 
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full load. They operate on low input 
power and low exciting current. The 
dial on the cover is calibrated to indi- 
cate output voltages from 0 to 100 per- 
cent of maximum. General Electric Co., 
Schenectady, N. Y. 


Electric Counter 


By turning knob pointers of this elec- 
tric counter to desired digits, any num- 
ber from 1 to 9,999 can be set so that a 
control and signal circuit is closed or 
opened after a desired interval. The 
circuit may be used to sound an alarm 
or operate a relay to perform any de- 
sired function. Counting ceases at the 





preset number until a reset lever is de- 
pressed, making the instrument ready 
for a new cycle. Called the Monitor 
Model PDC-E, the unit may be located 
at a distance from or near to the ele- 
ments being counted. It is actuated by 
any switch, relay or photo-electric unit 
with a closed period of 0.035 sec. or 
more, and an open period of 0.040 sec. 
or more. Production Instrument Co., 


702-10 W. Jackson Blvd., Chicago, Ill. 


Sensitive Bimetal 


Through the use of new alloys, a 
thermostatic bimetal recently developed 
is said to have increased sensitivity over 
previous standard types. In addition, 
reductions in weight and mass are 
claimed. W. M. Chace Co., Detroit, 
Mich. 


Hoi-Liquid Pump 


Midget pump suitable for handling 
hot liquids up to 500 deg. F. Desig- 
nated Model EH, of centrifugal type, 





measuring 12x4x4% in. Its 1/20 hp. 
motor, for operation on 115 volts, a.c. 
or d.c., is coupled to the pump through 
a 5-in. heat radiating tube. The shaft 
is supported by outboard ball bearings. 
Stuffing box is adjusted by means of an 
easily accessible adjustment ring. 
Maximum pressure delivered is 21 lb. 
per sq.in. and maximum volume 7142 
gal. per min. These pumps can be fur- 
nished jn stainless steel, Monel metal, 
chromium plated bronze, or Hastelloy 
“C.” Eastern Engineering Co., 45 Fox 
St., New Haven, Conn. 


Clamps for Aircraft Wire 
Installation 


Two series of “Harness Speed 
Clamps” for the attachment of wire 
“bundles” in aircraft assembly. Both 
types have a latching means whereby 
wires are held together during sub- 
assembly operations and during trans- 
port to final assembly location. No. 3043 
series clamps are used at intermediate 
locations and where groups of wires 
branch from the main bundle; No. 3044 
are supporting clamps for attachment 
to structures. Both types come in ten 
different sizes to accommodate bundles 





of wire in group diameters from 4 to 
11% in. Clamps are covered with plas- 
tic channels which are said to have im- 
proved abrasion resistance. Three meth- 
ods of attachment with Speed nuts 
shown are: (1) with standard, flat type 
nut; (2) with U type nut snapped over 
flange edge; and (3) with bracket type 
nut for attachment at various angles. 
Tinnerman Products, Inc., 2041 Fulton 
Rd., Cleveland, Ohio. 


V-Belt 


V-belt with a new black cover is said 
to be tougher, insuring longer wear, 
more uniform pull, and higher resist- 
ance to oil and heat. Called the “E-C 
cord multi-V belt,” the belt is made in 


all standard cross sections and length 
and sold in sets matched under oper. 
ating tensions. No. 1 is the cover, No, 9 
the tension section, No. 3 the neutral 
plane with endless, load-carrying com. 
pass cords, No. 4 the compression ge. 
tion and No. 5 the insulating gum, 
Goodyear Tire & Rubber Co., Wilson § 


Winning Ave., Akron, Ohio. 


Totally-Inclosed Motor 


“Cowl-cooled” is a new fan-cooled 
squirrel-cage motor, developed for use 
in atmospheres containing destructive 
fumes, abrasive dust, oil or dirt. Venti- 
lating air is blown over external ribs 
running the length of the frame. In 
standard N.E.M.A. frame sizes up to 20 
hp., motors are available with either 
ball or sleeve bearings, the latter espe. 
cially for use where delicate balance 
and freedom from vibration are first 
considerations. Ratings are 220, 440 
and 550 volts, three-phase. and 220 and 
440 volts, two-phase. On 60 cycles, hp. 
ratings run from 34 to 25, and on 3 
cycles from 1% to 10. Crocker-Wheeler 
Electric Mfg. Co., Ampere, N. J. 





Insulation Tubing 


Resistance to brittleness down to 
minus 15 deg. C. is a feature of a new 
transparent tubing made especially to 
secure continued, effective installation 
on high flying aircraft. Manufacturers 
state that its toughness and rubber-like 
qualities make it useful for a variety of 
industrial and electrical applications 
Its transparency allows quick location 
of wire beaks and identification of wires 
which have been snaked through it 
Transflex is a flexible fibronized tubing 
available from size No. 14 to % in. it- 
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Elapsed Time Meter 


With six counter units, elapsed time 
meter consists essentially of a 600 r.p.m. 
synchronous driving motor, a gear train, 
and six numbered wheels. Life-time 
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ahaa A geod synthetic resin contaiming no engaging the number wheel shaft. West- 
. filler, Dilectene,’ an insulating mate- inghouse Electric & Mfg. Co., East 
0. 440 rial, is highly resistant to moisture and Pittsburgh, Pa. 
0 and electrically stable. It is available in 

two grades—Dilectene 100, especially 
™ hp. for use where resistance to moisture Manganese Steel W elding 
a and tendency to resist cold flow are im- 
heeler portant, and Dilectene 160, where ease Rod 





of working is the prime factor. The ma- 
terial is supplied in sheets and rods but 
not tubes. Sheets, approximately 15x33 
in., are made in thicknesses from 1/16 
tol in. Rods of Dilectene are available 





To. replace nickel-manganese steel 
electrodes, an electrode containing 12 
to 14 percent manganese, molybdenum 
and other elements has been developed. 
Called “V-mang rod,” it is said to have 
ductility and tensile strength equal to 
or better than nickel-manganese steel 
rod as applied. Recommended uses are 
for the repair of fractures in manganese 
steel parts and for build-up work, de- 
positing a uniform bead similar to that 
provided by nickel-manganese elec- 
trodes. Manufacturers state that it does 
not replace “Mo-mang,” a high man- 
ganese, high carbon, molybdenum rod 
that is not as ductile as the new rod and 
recommended for build-up work only. 
V-mang is available bare and coated, 


wn to in various diameters and 18 in. length. 

a new — American Manganese Steel Div., Ameri- 

lly & up to l-in. diameter; those of Dilectene can Brake Shoe & Foundry Co., Chi- 

ation 160, up to 2-in. Material can be ma- cago Heights. Ill. 

oleh chined or formed in molds, but it is not " . 

erdike — for stamping because of 
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pri. mended for u-h-f applications in radio Copy a Machine 

seatian and television, stator insulation, terminal Continuous-type copier makes contact 

wires blocks, strips and boards, standoff in- prints from originals up to 44 in. wide 

igh it —. antenna applications, and for by any length. Tracings may be repro- 

tubing electrical equipment in general. Con- duced from blueprints, black and white 

i. © tinental Diamond Fibre Co., Newark, prints, or colored originals. The ma- 
Del. chine will copy originals on either 
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on either one side or two sides. Known 
as the Revolute No. 8F copier, the ma- 
chine uses a principle of revolving con- 
tact to prevent slipping and blurred 
prints. A pyrex glass cylinder of 8 in. 
dia. revolves with original and sensi- 
tized material in contact. Inside of the 
cylinder are located three fluorescent 
lamps, two white and one gold. White 
lamps are used in making reproduc- 
tions from black and white originals, 
the gold lamp when reproducing from 


blueprints. Transparencies printed on 
one side only are reproduced by trans- 
mitted light. Opaque originals printed 
on two sides are copied by reflected 
light. With the new photographic copy- 
ing materials it is not necessary to have 
a special dark room. Paragon-Revolute 
Corp., 77 South Ave., Rochester, N. Y. 


Portable Tracing Board 


With a 24x 36-in. plate glass tracing 
surface, the No. 188 portable tracing 
board is furnished with fluorescent 
lamps. For use on inclined surfaces, 
adjustable stop rods hold the board in 
place. A black leather handle is at- 
tached to the top edge. The board is 
for use with 110-volt, a.c. only. Hamil- 


ton Mfg. Co., Two Rivers, Wis. 
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Books and Bulletins 





Handbook of Mechanical Design 


Georck F. NorpdENHOLT, JOSEPH 
KERR AND JOHN Sasso—277 pages, 8°4x 
11 in. Red Buckram covers. Published 
by McGraw-Hill Book Co., 330 W. 42nd 
St., New York, N. Y. Price $4. 


Here is a completely new design 
handbook that has no parallel among 
existing references. Purpose is to place 
before product engineers practical me- 
chanical design methods and _ proced- 
ures now in use in progressive engineer- 
ing departments, and to do this in a 
way most convenient to the engineer 
seeking ideas and data useful in work- 
ing out design details. 

Most of the data is in the form of 
engineering sketches, charts, tables, 
formulas and nomographs grouped ac- 
cording to basic design problems. For 
instance, it includes 36 consecutive 
pages of tables comparing properties, 
compositions and applications of all 
the commonly used engineering mate- 
rials; 23 pages of sketches showing 
typical latches, locks and fastenings; 
and 34 pages of sketches showing de- 
tails of power transmission elements 
and mechanisms. Practically no expla- 
nations of theory are included. Large- 
size pages place a maximum of infor- 
mation before the engineer at one 
glance. 

The book has been prepared by mem- 
bers of the Propuct ENGINEERING staff 
in answer to demands for a compila- 
tion in book form of design data sim- 
ilar to the Reference Book Sheets and 
mechanisms sketch pages published 
regularly in the magazine. Much of the 
material in the handbook has appeared 
in past numbers of Propuct ENGINEER- 
ING, but is here condensed, rearranged 
and brought up-to-date. Subjects cov- 
ered in the eight chapters include: 
charts and tables for general arithmet- 
ical calculations; materials; beams and 
structures; latches, locks and fasten- 
ings; springs; power transmission ele- 
ments; drives and controls; and design 
data on production methods. 


Wood Technology 


Harry D. TieEmMAN—316 pages, 6x9 
in. Clothboard covers. Published by 
Pitman Publishing Corp., 2 West 45th 
St., New York, N.Y. Price $3.50. 


A comprehensive treatment on the 
subject of wood technology covering 
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anatomy, identification, description and 
properties of species and processing. 

Chapters that are of more than gen- 
eral interest are those dealing with 
chemical utilization of cellulosic fibers 
and synthetic substitutes, paper and 
pulp from wood, shrinkage and swell- 
ing, collapse, drying, gluing methods, 
mechanical properties, density, absorp- 
tion, destructive agencies and preserva- 
tive measures. 

An important part of the book is an 
identification key based on the distin- 
guishing features of American woods. 


Manufacturing Processes 


Myron L. BEGCEMAN—579 pages, 6x9 
in. Blue clothboard covers. Published 
by John Wiley & Sons, Inc., 440 Fourth 
Ave., New York, N.Y. Price $4.50. 


An excellent reference, copiously il- 
lustrated, this work will serve either 
as a students’ textbook (as intended) or 
as a well of information in the engi- 
neer’s library. It presents, in layman’s 
language, fundamentals of principal 
manufacturing processes, materials and 
machinery. Photographs, sketches and 
tables are well chosen and effectively 
placed. 

Eight chapters cover in a compre- 
hensive manner such subjects as foun- 
dry practices, pattern making and appli- 
cations, casting, plastic molding, heat 
treating of steel, welding, soldering, 
hard surfacing, and hot and cold form- 
ing of metals. One section deals with 
inspection and gages, one with grind- 
ing wheels, machines and abrasives and 
another with threads and thread cutting. 

The remaining nine chapters are de- 
voted to functions and operation of pro- 
duction machinery—lathes, lathe tools, 
shapers, planers, drilling and boring 
machines, milling, cutting, sawing and 
broaching machines and tools. Ap- 
pendices include the S.A.E. numbering 
system, S.A.E. steels, and suggested 
laboratory projects. 


Surface Hardness of Metals 


Bruce CHALMERS—53x8} in., 19 pages. 
Publication No. 108, Tin Research Insti- 
tute. Distributed by Battelle Memorial In- 
stitute, 505 King Ave., Columbus, Ohio. 


Method is described for measuring the 
hardness of thin surface layers of metals 
and other materials, in which the reduction 
in optical reflectivity is determined when 
known quantities of sand are allowed to 





impinge on the surface under standap 
ized conditions. 


Aluminum Alloy Properties 


Aluminum Research Laboratories Tec}, 
nical Paper No. 6. Paper covers, 20 pages 
8x10} in. Published by Aluminum Com, 
pany of America. 


Typical stress-strain curves, and stress. 
modulus curves derived therefrom, are ote. 
sented for some aluminum alloy products of 
particular interest to the aircraft industry, 
These products are 248-T sheet, tubing, 
and extruded shapes, Alclad 24S-T sheet 
24S-RT sheet, and Alclad 24S-RT shee 
Curves are given for both tension and com. 
pression, and in the case of sheet, for tyo 
directions, parallel and normal to the diree. 
tion of rolling. 


Effect of Range of Stress on the Fatigue 
Strength of Metals 
James O. SMITH—6x9 in. 52 pages, paper 
covers. Engineering Experiment Station 
Bulletin Series No. 334, University of Illi. 
nois, Urbana, Ill. Price 55 Cents. 


A comprehensive study of test data to de. 
termine the manner in which the range of 
stress effects the fatigue strength of metals, 
Data studied involved ranges of repeated 
axial stress from tension to tension, ten. 
sion to compression, compression to com: 
pression, and of repeated torsional shear. 
ing stress, in both ductile and _ brittle 
metals for specimens with and _ without 
notches. The author’s main purpose is to 
extend the development of the general law 
or laws that control this phenomena over 
a wide field of applications. 


Luminescent Coatings 


Federation of Paint and Varnish Produc. 
tion Clubs, Report of Sub-Committee No. 
43, Project No. 6, New York Paint and 
Varnish Production Club. Paper covers, \0 
pages, 6x9 in. 


Luminescent coatings are described from 
the standpoint of their properties and 
uses to indicate their practical value and 
limitations. The booklet is intended par- 
ticularly for manufacturers of such coat- 
ings. Photoluminiscent coatings only are 
considered. Those containing radio-active 
materials are not included. Publication 
was prompted by the importance of such 
coatings in war activities. 


Stainless Steels 


32 pages, 84x11 in. Published by Alle 
gheny Ludlum Steel Corporation, Pitts 
burgh. 


An elementary discussion of stainless 
steel, this booklet begins with a gener 
description of this large group of alloys 
along with tables. of comparable proper 
ties. Corrosion resistance is presented 
separately in tabular form. The major por 
tion of the booklet is on fabrication and 
deals briefly with welding, drawing and 
blanking, machining, spinning, upsetting 
and forging, riveting, shearing, soldering 
and brazing, annealing and heat treatment, 
grinding and polishing, and surface treat 
ment. 
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SLEEVE BEARING DATA 


BRUNO SACHS, Technical Director, Johnson Bronze Company 
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Cuarts on this and the next page are 
supplements to the article “Sleeve Bear- 
ings,” see Part I p. 248, May, and Part 
II p. 322, June, Propuct ENGINEERING. 


They show relation between clearance, 
film thickness, coefficient of friction and 
other factors for bearings having a 
length diameter ratio equal to 1.5, and 


equal to 2 respectively. Similar data 
for bearings having a length diameter 
ratio equal to one is shown on p, 252. 
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SLEEVE BEARING DATA (continued) 
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